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FIELD OF THE INVENTION 

15 The invention concerns novel homo- and copolymers 

of ethylene and/or one or more acyclic olefins, and/or 
selected cyclic olefins, and optionally selected ester, 
carboxylic acid, or other functional group containing 
olefins as comohomers; selected transition metal 
20 containing polymerization catalysts; and processes for 
making such polymers, intermediates for. such catalysts, 
and new processes for making such catalysts. Also 
disclosed herein is a process for the production of 
linear alpha-olef ins by contacting ethylene with a 
25 nickel compound of the formula [DABlNiXa wherein DAB is 
a selected a-diimine and X is chlorine, bromine, iodine 
or alkyl, and a selected Lewis or Bronsted acid, or by 
contacting ethylene with other selected a-diimine 
nickel complexes 
30 BACKGROUND OF THE INVENTXON 

Homo- and copolymers of ethylene (E) and/or one or 
more acyclic olefins, and/or cyclic olefins, and/or 
substituted olefins, and optionally selected olefinic 
esters or carboxylic acids, and other types of 
35 monomers, are useful materials, being used as plastics 
for packaging materials, molded items, films, etc., and 
as elastomers for molded goods, belts of various types, 
in tires, adhesives, and for other uses. It is well 
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known in the art that the structure of these various 
polymers, and hence their properties and uses, are 
highly dependent on the catalyst and specific 
conditions used during their synthesis. In addition to 
5 these factors, processes in which these types of 
polymers can be made at reduced cost are also 
important. Therefore, improved processes for making 
such (new) polymers are of interest , Also disclosed 
herein are uses for the, novel polymers. 
10 a-Olefins are commercial materials being 

particularly useful as monomers and as chemical 
intermediates. For a review of a-olefins, including 
O their uses and preparation, see B. Elvers, et al . , Ed., 

S Ullmann's Encyclopedia of Industrial Chemistry, 5th 

Ki 15 Ed., Vol. A13, VCH Verlagsgesellschaf t mbH, Weinheim, 

^ 1989, p. 238-251. They are useful as chemical 

SI intermediates and they are often made by the 

oligomerization of ethylene using various types of 
p catalysts. Therefore catalysts which are capable or 

y-; 20 forming a-olefins from ethylene are constantly sought. 

SUMMARY OF THE INVEm-ION 
D This invention concerns a polyolefin, which 

contains about 80 to about 150 branches per 1000 
methylene groups, and which contains for every 100 
25 branches that are methyl, about 3 0 to about 9 0 ethyl 

branches, about 4 to about 2 0 propyl branches, about 15 
to about 50 butyl branches, about 3 to about 15 amyl 
branches, and about 3 0 to about 14 0 hexyl or longer 
branches . 

30 This invention also - concerns a polyolefin which 

contains about 20 to about 150 branches per 1000 
methylene groups, and which contains for every 100 
branches that are methyl, about 4 to about 2 0 ethyl 
branches, about 1 to about 12 propyl branches, about 1 
35 to about 12 butyl branches, about 1 to about 10 amyl 
- branches, and 0 to about 20 hexyl or longer branches. 
Disclosed herein is a polymer, consisting 
essentially of repeat units derived from the monomers. 
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ethylene and a compound of the formula 

CH2=CH(CH2)mC02R'', wherein is hydrogen, hydrocarbyl or 
substituted hydrocarbyl, and m is 0 or an integer from 
1 to 16, and which contains about 0.01 to about 40 mole 
5 percent of repeat units derived from said compound, and 
provided that said repeat units derived from said 
compound are in branches of the formula -CH (CH2) nCOsR^/ 
in about 3 0 to about 70 mole percent of said branches n 
is 5 or more, in about 0 to about 2 0 mole percent n is 

10 4, in about 3 to 60 mole percent n is 1, 2 and 3, and 
in about 1 to about 6 0 mole percent n is 0 . 

This invention concerns a polymer of one or more 
alpha-olef ins of the formula CH2=CH (CH2) aH wherein a is 
an integer of 2 or more, which contains the structure 

15 (XXV) 

I I 
— CH-CH2-CH (XXV) 

wherein R^^ is an alkyl group and R^^ is an alkyl group 
20 containing two or more carbon atoms, and provided that 

r35 is methyl in about 2 mole percent or more of the 

total amount of (XXV) in said polymer. 

This invention also includes a polymer of one or 

more alpha-olef ins of the formula CH2=CH (CH2) aH wherein 
25 a is an integer of 2 or more wherein said polymer 

contains methyl branches and said methyl branches 

comprise about 25 to about 75 mole percent of the total 

branches . . 

This invention also concerns a polyethylene 
30 containing the structure (XXVII) in an amount greater 

than can be accounted for by end groups, and preferably 

at least 0 . 5 or more of such branches per 1000 

methylene groups than can be accounted for by end 

groups . 

35 

CH3 
I 

— CH2- C H - CH2CH 3 (XXVI I) 
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This invention also concerns a polypropylene 
containing one or both of the structures (XXVIII) and 
(XXIX) and in the case of (XXIX) in amounts greater 
than can be accounted for by end groups. Preferably at 
least 0.5 more of (XXIX) branches per 1000 methylene 
groups than can be accounted for by end groups, and/or 
at least 0.5 more of (XXVIII) per 1000 methylene groups 
are present in the polypropylene. 

I 

CH2 "CH3 
I 

CH3 
I 

— CH2CH2-CH-CH3 (XXIX) 



Also described herein is an ethylene homopolymer 
with a density of 0.86 g/ml or less. 

Described herein is a process for the 
polymerization of olefins, comprising, contacting a 
transition metal complex of a bidentate ligand selected 
from the group consisting of 



R2 




R5 

(VIII) 



(XXX) 




(XXXII) 

5 with an olefin wherein: 

said olefin is selected from the group 
consisting of ethylene,, an olefin of the formula 
R^'^CH=CH2 or R^'^CH=CHR^'^ , cyclobutene, cyclopentene, 
norbornene, or substituted norbornene; 
10 said transition metal is selected from the 

group consisting of Ti, Zr, Sc, V, Cr, a rare earth 
metal, Fe, Co, Ni or Pd; 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
15 bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R^ and R^ are each independently hydrogen, 

3 4 

hydrocarbyl, substituted hydrocarbyl, or R and R 
taken together are hydrocarbylene substituted 
20 hydrocarbylene to form a carbocyclic ringr 

R^^ Is hydrocarbyl or substituted hydrocarbyl, 
and R^° is hydrogen, hydrocarbyl or substituted 
hydrocarbyl or R^^ and R^^ taken together form a ring; 
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R^^ is hydrocarbyl or substituted hydrocarbyl , 
and R^^ is hydrogen, substituted hydrocarbyl or 
hydrocarbyl, or R^^ and R^^ taken together form a ring; 

each R^° is independently hydrogen, substituted 
hydrocarbyl or hydrocarbyl, or two of R^° taken 
together form a ring; 

R^° and R^^ are independently hydrocarbyl or 
substituted hydrocarbyl; 

R^^ and R^^ are each in independently hydrogen, 
hydrocarbyl or. substituted hydrocarbyl; 

each R^'^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 

n is 2 or 3 ; 

R^ is hydrogen, hydrocarbyl or substituted 
hydrocarbyl ; 

and. provided that: 

said transition metal also has bonded to it a 
ligand that may be displace by said olefin or add to 
said olefin; 

when M is Pd, said bidentate ligand is (VIII) , 

(XXXII) or (XXIII) ; 

when M is Pd a diene is not present; and 
when norbornene or substituted norbornene is 
used no other olefin is present . 

Described herein is a process for the 
copolymerization of an olefin and a fluorinated olefin, 
comprising, contacting a transition metal complex of a 
bidentate ligand selected from the group consisting of 



R2 




R5 

(VIII) 



with an olefin, and a fluorinated olefin wherein: 

said olefin is selected from the group 
consisting of ethylene and an olefin of the formula 
r"cH=CH2 or R^'cH=CHR"; 
5 said transition metal is selected from the 

group consisting of Ni and Pd; 

said fluorinated olefin is of the formula 

H2C=CH(CH2)aRfR''^; 

a is an integer of 2 to 20; Rf is 
10 perfluoroalkylene optionally containing one or more 

ether groups; 

r"^ is fluorine or a functional group; 
R^ and R= are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
15 bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

r' and r' are each independently hydrogen,^ 
hydrocarbyl, substituted hydrocarbyl. or R^ and R* 
taken together are hydrocarbylene substituted 
20 hydrocarbylene to form a carbocyclic ring; 

each R^'' is independently saturated 
hydrocarbyl ; 

and provided that said transition metal also has 
bonded to it a ligand that may be displaced by said 
25 olefin or add to said olefin. 

This invention also concerns a copolymer of an 
olefin of the formula R^'ch=CHr" and a fluorinated 
olefin of the formula H3C=CH (CH^) aRf^" - wherein: 

each R^' is independently hydrogen or saturated 

30 hydrocarbyl; 

a is an integer of 2 to 20; Rf is 
perfluoroalkylene optionally containing one or more 

ether groups; and 

r" is fluorine or a functional group; 
35 provided that when both of r" are hydrogen and R' 

is fluorine, R, is -{CF^)^- wherein b is 2 to 20 or 
perfluoroalkylene containing at least one ether group 
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Described herein is a process for the 
polymerization of olefins, comprising, contacting, at a 
temperature of about -lOO^C to about +200°C: 

a first compound W, which is a neutral Lewis 
acid capable of abstracting either Q' or S" to form WQ' 
or WS', provided that the anion formed is a weakly- 
coordinating anion; or a cationic Lewis or Bronsted. 
acid whose counterion is a weakly coordinating anion; 
a second compound of the formula 



R3 




R2 



(Q)y 



(XI) 



and one or more monomers selected from the 
group consisting of ethylene, an olefin of the formula 
R^'^CH=CH2 or R^'^CH=CHR^'^, cyclobutene, cyclopentene , 
substituted norbornene, or norbornene; 
wherein : 

M is Ti, Zr, Sc, V, Cr, a rare earth metal, Fe, 
Co, Ni or Pd the m oxidation state; 
y + z = m 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl, or R^and R^ 
taken together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 

each R^"^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 
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Q is alkyl, hydride, chloride, iodide, or 

bromide ; 

S is alkyl, hydride, chloride, iodide, or 
bromide; and 

provided that : 



when norbornene or substituted norbornene is 
present, no other monomer is present; 

when M is Pd a diene is not present; and 
except when M is Pd, when both Q and S are each 
10 independently chloride, bromide or iodide W is capable 
of transferring a hydride or alkyl group to M. 

This invention includes a process for the 
production of polyolefins, comprising contacting, at a 
temperature of about -100°C to about +200°C, one or 
15 more monomers selected from the group consisting of 
ethylene, an olefin of the. fonnula R^''CH=CH2 or 
R^''CH=CHR^'^, cyclobutene, cyclopentene, substituted 
norbornene, and norbornene; with a compound of the 
formula 
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(ID 



(III) 



(IV) 



or 
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R2 

Pd 



R5 

(VII) 

wherein: , i ^-.^ 

r' and r' are each independently hydrocarbyl ax 

5 substituted hydrocarbyl, provided that the carbon atom 

bound to the imino nitrogen atom has at least two 

carbon atoms bound to itj ^ _ 

r' and R* are each independently hydrogen.^ 
hydrocarbyl, substituted hydrocarbyl, or R and R 
,0 taken together are hydrocarbylene or substituted 
hvdrooarbylene to form a ring; 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, r"c(.0,- or R OC(.0)-, 
n is 2 or 3 ; 

,5 Z is a neutral Lewis base wherein the donating 

ato. is nitrogen, sulfur or oxygen, provided that xf 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound is less than about 6, 
X is a weakly coordinating anion; 

20 is hydrocarbyl not containing olefxnxc or 

acetylenic bonds; 

each r"' is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefxnxc 

■ -r,^ v,^r 3 Quaternary carbon atom or at 
25 bond or aromatxc rxng by a quaternary 

least two saturated carbon atoms; 

M is Ni(II) or Pd(II) ; 

each R^' is independently hydrogen or alkyl 
containing 1 to 10 carbon atoms; 
30 n is 1, 2, or 3; 

R® is hydrocarbyl; and 

is hydrogen, hydrocarbyl not containxng 
olefinic or acetylenic bonds, hydrocarbyl substituted 
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„ith ketc or ester groups but not containing olefinic 

or aoetylenic bonds, r"c(=0)- or R OC(.O)-; 

and provided that : 

when M is Pd a diene is not present; and 

„^ ^-K- <3iiV>stituted norbornene xs 
when norbornene or suoscitui-c 

used no other monomer is present. 

This invention includes a process for the 
production of polyolef ins, comprising contactxng at 
temperature of about -100°C to about .200 C one or 
- omers selected from the group consisting of 

more monomers seiecceu T,iVH-rH or 

• ethylene, an olefin of the formula R ^^'^^ °^ 
K-CH=CHR-, cYclobutene, cyclopentene , ^^^^^^^^''^^ 
norbornene, and norbornene; with a compound of the 



15 



formula 



r20 



,^=N-' ^tiR« R^^V ^ 

(Q)/ ^(S)z 

(XVll) (XVIII) 



or 



r23 



(XIII) 



20 R 

.28 



wherexn:^ hydrocarbyl or substituted hydrocarbyl, 



and R" is hydrogen, hydrocarbyl or substituted 
hydrocarbyl or R^ and R^ taken together form a rxng; 
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R^^ is hydrocarbyl or substituted hydrocarbyl, 
and R^^ is hydrogen, substituted hydrocarbyl or 
hydrocarbyl, or r'*^ and R^^ taken together form a ring; 

each R^° is independently hydrogen, substituted 
hydrocarbyl or hydrocarbyl, or two of R^° taken 
together form a ring; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 

R^° and R^^ are independently hydrocarbyl or 
substituted hydrocarbyl; 

R^^ and R^^ are each in independently hydrogen, 
hydrocarbyl or substituted hydrocarbyl; 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^^C(=0)- or R^^OC(=0)-; 

Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that 'compound is less than about 6; 
and 

X is a weakly coordinating anion; and 
provided that : 

when M is Pd or (XVIII) is used a diene is not 
present; and 

in (XVII) M is not Pd. 

This invention includes a process for the 
production of polyolefins, comprising contacting, at a 
temperature of about -100°C to about +200^*0, one or 
more monomers selected from the group consisting' of 
ethylene, an olefin of the formula 'r1'7ch=CH2 or 
r1'7ch=cHR1'^ , 4 -vinylcyclohexene , cyclobutene , 
cyclopentene, substituted norbornene , and norbornene; 
with a compound of the formula 



12 



r20 

^ 

r23 

(XVIII) 

wherein: 

r2 0 and R^^ are independently hydrocarbyl or 
substituted hydrocarbyl; 

R^^ and R^^ are each in independently hydrogen, 
hydrocarbyl or substituted hydrocarbyl; 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^^c (=0) - or R^50C(=0)-; 

Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound is less than about 6; 
X is a weakly coordinating anion; 
r1^ is hydrocarbyl not containing olefinic or 
acetylenic bonds; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 
M is Ni(II) or Pd(II); 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, hydrocarbyl substituted 
with keto or ester groups but not containing olefinic 
or acetylenic bonds, R^^C{=0)- or R^5oc(=0)-; 
and provided that : 

when M is Pd a diene is not present ; and 
when norbornene or substituted norbornene is 
used no other monomer is present. 
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Described herein is a process for the production 
for polyolefins, comprising contacting, at a 
temperature of about -10 0°C to about +20 0°C, 

a first compound W, which is a neutral Lewis 
acid capable of abstracting either Q" or S" to form WQ" 
or WS', provided that the anion formed is a weakly 
coordinating anion; or a cat ionic Lewis or Bronsted 
acid whose counterion is a weakly coordinating anion; 

a second compound of the foirmula 



10 



(Q)/ ^(S)z 



(XVII) 

and one or more monomers selected from the 
group consisting of ethylene, an olefin of the formula 
15 R^''CH=CH2 or R^'^CH=CHR^'^ , cyclobutene, cyclopentene , 
substituted norbornene, or norbornene; 
wherein : 

M is Ti, Zr, V, Cr, a rare earth metal, Co, Fe, 
Sc, or Ni, of oxidation state m; 
20 R^^ is hydrocarbyl or substituted hydrocarbyl, 

and R^® is hydrogen, substituted hydrocarbyl or 
hydrocarbyl, or R^^ and R^^ taken together form a ring; 

R^^ is hydrocarbyl or substituted hydrocarbyl, 
and R^^ is hydrogen, substituted hydrocarbyl or 
25 hydrocarbyl, or R^^ and R^^ taken together form a ring; 

each R^° is independently hydrogen, substituted 
hydrocarbyl or hydrocarbyl, or two of R^° taken 
together form a ring; 

n is 2 or 3 ; 
30 y and z are positive integers; 

y+z = m; 

each R^"^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
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in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternairy carbon atom or at 
least two saturated carbon atoms; 

Q is alkyl, hydride, chloride, iodide, or 

bromide ; 

S is alkyl, hydride, chloride, iodide, or 
bromide ; and 

provided that ; 

when norbornene or substituted norbornene is 
present, no other monomer is present. 

Disclosed herein is a process for the production , 
of polyolefins, comprising, contacting, at a 
temperature of about -100°C to about +200°C, one or 
more monomers selected from the group consisting of 
ethylene, an olefin of the formula R^^CH=CH2 or 
R^'^CH=CHR^^ , cyclobut ene , cyclopentene , subst ituted 
norbornene, and norbornene; optionally a source of X; 
with a compound of the formula 




wherein : 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl , provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 

R^ and R^ are each independently hydrogen, 

3 4 

hydrocarbyl, substituted hydrocarbyl or R and R taken 
together are hydrocarbyl ene substituted hydrocarbyl ene 
to form a ring; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that R^^ contains no 
olefinic bonds; 
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h I 
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is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, r"c(=0)- or r"oC(=0)-; 

r" is hydrocarbyl not containing olefxnic or 

acetylenic bonds; 

E is halogen or -OR ; 
. r" is hydrocarbyl not containing olef inxc or 

acetylenic bonds ; and 

X is a weakly coordinating anion; 

provided that., when norbornene or substituted 
norbornene is present, no other monomer is present. 

Described herein is a process for the 
polymerization of olefins, comprising, contacting, a, 
temperature of about -100°C to about .200 C: 
^ a first compound W, which is a neutral Lewis 

acid capable of abstracting either Q' or S" to for. WQ 
Tr WS-, provided that the anion formed is a weakly 

. ■ ^ o-r- Pi cationic Lewis or Bronsted 

coordinating anion; or a cacioni^ 

-^r, -ic: a weakly coordinating anion; 
acid whose counterion is a weaKiy ^ 

a second compound of the formula 



20 



R2 



M' 



I 

R5 



(I) 



25 



30 



and one or more monomers selected from the 
group consisting of ethylene, an olefin of the formula 
R-CH-CH. or R^^CH=CHR^\ 4-vinylcyclohexene , 
K v,n2 c^Koi-it-uted norbornene, or 

cyclobutene, cyclopentene , substitutea n 

norbornene ; 

wherein: ,,-rT\ 
M is Ni(II). Co(II), Fe(II), or Pd(II); 
R= and R= are each independently hydrocarbyl or 
substituted hydrocarbyl, provided ^'-"^^^ -j'^^ 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 
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15 



r3 and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R and R taken 
together are hydrocarbyl ene or substituted 
hydrocarbylene to form a ring; ^ 
■ each R^^ is independently hydrocarbyl or 

substituted hydrocarbyl provided that -V^le--- 

said Olefin is ^^^^^l^ ^Ir^^^^^^ ^ ^ 

bond or ardmatic ring by a quaternary ca 

least two saturated carbon atoms; 

. Q is alkyl, hydride, chloride, xodxde, or 

' ^^°'''"'s is al.yl, hydride, chloride, iodide, or 

bromide ; and 

. provided that ; 
when norbornene or substituted norbornene xs 

present, no other monomer is present; 

when M is Pd a diene is not present; and 
iLept When M is Pd, when both Q and S are each 
independently chloride, bromide or iodide W xs capable 
of transferring a hydride or allcyl group to 

included herein is a polymer izatxon process, 
comprising, <^on..c..n. ^ .^r^ouna o.^^^^^^^^ ^ 
[Pd(R"cN)JX.or a combxnatxon of Pd[OC(0)R 
compound of the formula 



25 



R3 




R2 
I 

N 



N 

I 

R5 



(VIII) 



30 



and one or more monomers selected from the group 
consisting of ethylene, an olefin of ^-^^^^^^^ 
R-CH=CH. or R-CH=CHr". cyclopentene , cyclobutene, 
substituted norbornene, and norbornene; wherexn: 
substxtute ^^^^ independently hydrocarbyl or 

substituted hydrocarbyl. provided that the carbon atom 
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bound to the imino nitrogen atom has at least two 

carbon atoms bound to it ; 

and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or and R taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; i pr- 

each r" is independently hydrocarbyl or 
substituted hydrocarbyl provided that r" contains no 

olefinic bonds; 

R^^ is .hydrocarbyl; 

r" is hydrocarbyl or substituted hydrocarbyl 
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and 



X is a weakly coordinating anion; 
provided that, when norbomene or substituted 
■= r.r-^sent no other monomer is present. 
-^°rs:%::ri:en;rein is . polymen^ation process, 

comprising;^^^^^^^ Nil03 , PdtO. or Ni Ul compound 

containing a ligand which may be ^^^f-^^;^^-;^^ 
of the- formula (VIII) , (XXX) , (XXXII) or (XXIII) , 
a second compound of the formula 



R2 




R4- 

R5 

(VIII) 

25 



(XXX) 
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(xxm) 



or 




5 (XXXU) 

an oxidizing agent; 

. .ource of a relatively weaWy coord.nat.ng 

and one or more monomers selected from the 
,0 .ro.p con "stin. of ethylene, an olefin of J^''- 
or R-'CH-CHR", cyclopentene , cyclobutene, 
subst ituted norbornene , and norbomene ; 

"'"H'Tnd are each independently '^V^^-'^'^^^^ "J 

,3 substituted bydrocarbyl, ^-^/f^J^Tw: 
bound to the imino nitrogen atom has at least 

r-arbon atoms bound to it ; - ^ ^ 

R= and R' are each independently ^"/^"•^^en 
hydrocarbyl. substituted hydrocarbyl or K and R ta.en 
20 together are hydrocarbylene or substituted 

HxrHr-ocarbvlene to form a ring; 

hydrocarby ,„^,p,„dently hydrocarbyl or . 

n -^^r^ i-Viat any olefinic bond 

substituted hydrocarbyl provxded that any ^ 

in said olefin is separated from any other olefxnxc 



19 



bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 
R^^ is hydrocarbyl; 

R^^ is hydrocarbyl or substituted hydrocarbyl, 
and R^^ is hydrogen, hydrocarbyl or substituted 
hydrocarbyl or R^^ and R^® taken together form a ring; 

R^^ is hydrocarbyl or substituted hydrocarbyl, 
and R^^ is hydrogen, substituted hydrocarbyl or 
hydrocarbyl, or R^^ and R^^ taken together form a ring; 

each R^° is independently hydrogen, substituted 
hydrocarbyl or hydrocarbyl, or two of R^° taken 
together form a ring; 

' R^^ and R^"^ are each independently hydrocarbyl 

or substituted hydrocarbyl, provided that the carbon 
atom bound to the imino nitrogen atom has at least two 
carbon atoms bound to it ; 

R^® and R*^ are each independently hydrogen, 
hydrocarbyl, or substituted hydrocarbyl; 

R^^ and R^^ are independently hydrocarbyl or 
substituted hydrocarbyl; 

n is 2 or 3; 

R^^ and R^^ are each in independently hydrogen, 
hydrocarbyl or substituted hydrocarbyl; and 
X is a weakly coordinating anion; 
provided that; 

when norbornene or substituted norbornene is 
present, no other monomer is present; 

when said.PdEO] compound is used, a diene is not 

present ; and 

when said second compound is (XXX) only an Ni [0] 
or Ni[I] compound is used. 

Described herein is a polymerization process, 
comprising, contacting an Ni [0] complex containing a 
ligand or ligands which may be displaced by (VIII) , 
oxygen, an alkyl aluminum compound, and a compound of 
the formula 
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R2 




R5 

(VIII) 



and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^''CH=CH2 or R^'^CH^CHR^'', cyclopentene, cyclobutene, 
substituted norbornene, and norbomene; wherein: 

and are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R^ and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; and 

each R^"^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 

provided that, when norbornene or substituted 
norbornene is present, no other monomer is present. 

A polymerization process, comprising, contacting 
oxygen and an alkyl aluminum compound, or a compound of 
the formula HX, and a compound of the formula 
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(xxxxiv) or (xxxxv) 
and one or more monomers selected from the group 
consisting of ethylene, an olefin, of the formula 
5 R^"^CH=CH2 or R^'^CH=CHR^'^ , cyclopentene , cyclobutene, 
substituted norbornene, and norbornene; wherein: 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
10 carbon atoms bound to it; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; and 
15 each R^^ is independently hydrocarbyl or 

substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 
20 X is a weakly coordinating anion; and 

provided that, when norbornene or substituted 
norbornene is present, no other monomer is present. 

Described herein is a polymerization process, 
comprising, contacting an Ni[0] complex containing a 
25 ligand or ligands which may be displaced by (VIII) , HX 
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or a Bronsted acidic solid, and a compound of the 
formula 



R2 




R5 

(VIII) 



and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^'^CH=CH2 or R^''CH=CHR^^, cyclopentene , cyclobutene, 
substituted norbornene, and norbornene; wherein: 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bounci to it; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; and 

X is a weakly coordinating anion; 

provided that, when norbornene or substituted 
norbornene is present, no other monomer is present 

Described herein is a process for the 
polymerization of olefins, comprising, contacting, at a 
temperature of about -100°C to about +2 00^^0: 

a first compound W, which is a neutral Lewis 
acid capable of abstracting either Q' or S~ to form WQ" 
or WS~, provided that the anion formed is a weakly 
coordinating anion; or a cationic Lewis or Bronsted 
acid whose counterion is a weakly coordinating anion; 



a second compound of the formula 



r20 




XIX 



and one or more monomers selected from the 
group consisting of ethylene, an olefin of the formula 
R^''CH=CH2 or R^''CH=CHR^'' , cyclobutene, cyclopentene , 
substituted norbornene, or norbornene; 
wherein : 

M is Ni (II) or Pd(II) ; 

and R^^ are independently hydrocarbyl or 
substituted hydrocarbyl; 

R^^ and R^^ are each in independently hydrogen, 
hydrocarbyl or substituted hydrocarbyl; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 

Q is^ alkyl, hydride, chloride, iodide, or 

bromide ; 

S is alkyl, hydride, chloride, iodide, or 
bromide ; and 

provided that ; 

when norbornene or substituted norbornene is 
present, no other monomer is present; 

when M is Pd a diene is not present; and 
except when M is Pd, when both Q and S are each 
independently chloride, bromide or iodide W is capable 
of transferring a hydride or alkyl group to M. 
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This invention also concerns a process for the 
polymerization of olefins, comprising, contacting, at a 
temperature of about -10 0°C to about +2 00°C, a compound 
of the formula 



R2 

NCR 

R4 



R3 I 

1 Pd^ 

^>^p/ ^NCR^^ 



2X 



(XIV) 



and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^''CH=CH2 or R^''CH=CHR^'^, cyclopentene , cyclobutene, 
substituted norbornene, and norbornene; wherein: 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that R^^ contains no 
olefinic bonds; and 

each R^^ is independently hydrocarbyl; 

each X is a weakly coordinating anion; 
provided that, when norbornene or substituted 
norbornene is present, no other monomer is present. 

This invention also concerns a process for the 
polymerization of olefins, comprising, contacting, at a 
temperature of about -100*^C to about +200°C: 

a first compound W, which is a neutral Lewis 
acid capable of abstracting either Q' or S" to form WQ" 
or WS", provided that the anion formed is a weakly 
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coordinating anion; or a cat ionic Lewis or Bronsted 
acid whose counter ion is a weakly coordinating anion; 
a second compound of the formula 




(XV) 

and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^''CH=CH2 or R^''CH=CHR^'' , cyclopentene , cyclobutene, 
substituted norbornene, and norbornene; wherein: 

R^^ and R^^ are each independently hydrocarbyl 
or substituted hydrocarbyl, provided that the carbon 
atom bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R^® and R^^ are each independently hydrogen, 
hydrocarbyl, or substituted hydrocarbyl; 

each R^^ is independently hydrocarbyl, 
substituted hydrocarbyl or hydrogen; 

M is Ti, Zr, Co, V, Cr, a rare earth metal, Fe, 
Sc, Ni, or Pd of oxidation state m; 

y and z are positive integers; 

y + z = m ; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefinic 
bond or aromatic ring by a quaternary carbon atom or at. 
least two saturated carbon atoms; 

Q is alkyl, hydride, chloride, iodide, or 

bromide; 

S is alkyl, hydride, chloride, iodide, or 
bromide ; and 

provided that; 
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when norbornene or substituted norbornene is 
present, no other monomer is present; 

when M is Pd a diene is not present; and 

except when M is Pd, when both Q and S are each 
independently chloride, bromide or iodide W is capable 
of transferring a hydride or alkyl group to M. 

Disclosed herein is a compound of the formula 



R2 




(ID 

wherein : 

and are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R* taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 

T''' is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^^C(=0)- or R^^OC(=0)-; 

Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound is less than about 6; 

X is a weakly coordinating anion; and 

R^^ is hydrocarbyl not containing olefinic or 
acetylenic bonds; 

provided that when R^ and R'* taken together are 
hydrocarbylene to form a carbocyclic ring, Z is not an 
organic nitrile. 

Described herein is a compound of the foirmula 
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wherein: 

is siabstituted phenyl; 
r" is phenyl or substituted phenyl ; 

and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or and R taken 
together are hydrocarbyl ene or substituted 



hydrocarbylene to form a ring; „ 
and provided that groups in the 2 and 6 pos.txons 
^ have a difference in. of about 0.60 or more - 
Described herein is a compound of the formula 



R52 

R4 



R53 

{XXXVI ) 

15 wherein: 

r" is siabstituted phenyl; 
r" is phenyl or substituted phenyl; 
R^ and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R taken 
20 together are hydrocarbylene or substituted 
hydrocarbylene to form a. ring; 

Q is alkyl, hydride, chloride, bromide or 

iodide ; . 

S is alkyl, hydride, chloride, bromxde or 

25 iodide ; 

and provided that ; 52 
groups in the 2 and 6 positions of R have a 
difference in Es of 0.15 or more; and 
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when both Q and S are each independently chloride, 
bromide or iodide W is capable of transferring a 
hydride or alkyl group to Ni . 

This invention includes a compound of the formula 



R2 

R3 



I Mif 

R4 



i-'-^N Z 



RS X 

(III) 

wherein: 

10 and R= are each independently hydrocarbyl or 

substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it ; 

and r" are each independently hydrogen, 

15 hydrocarbyl, or substituted hydrocarbyl or r" and r\ 
taken together are hydrocarbylene or substituted 
hydrocarbylenf ^ to form a ring; 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^=C(=0)- or R^=OC(=0)-; 

20 r" is hydrocarbyl not containing an olefinic 

or acetylenic bond; 

Z is a neutral Lewis acid wherein the donating 
atom is nitrogen, sulfur or oxygen, provided that, if 
the donating atom is nitrogen, then the pKa of the 
25 conjugate acid of that compound is less than about 6; 
and 

X is a weakly coordinating anion. 
This invention also concerns a compound of the 
formula 

30 



29 



10 



15 



20 



R2 OR® 
R3 I ' 



R4 



(IV) 



wherein: i_ n 

and are each independently hydrocarbyl or 

substituted hydrocarbyl, provided that the carbon atom. • 

bound to the imino nitrogen atom has at least two 

carbon atoms bound to it; 

and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl . or R^ and R talcen 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 

M is Ni (II) or Pd(II) ; 

each r" is independently hydrogen or alkyl 
containing 1 to 10 carbon atoms; 
n is 1, 2, or 3; 

X is a weakly coordinating anion; and 
R^ is hydrocarbyl. 
Also disclosed herein is a compound of the formula 



R2 

R\ 



R5 R 



(V) 



wherein: 1.1^.,^ 
„ R= and R» are each independently hydrocarbyl or 

substituted hydrocarbyl, provided that ^^^^ "™ 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 
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and R* are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or r' and R* taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 

18 

E is halogen or -OR ; 

R^^ is hydrocarbyl not containing olefinic or 

acetylenic bonds ; 

t"^ is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, r"c{=0)- or r"0C(=0)-; 

R^^ is hydrocarbyl not containing olefinic or 

acetylenic bonds; and 

X is a weakly coordinating anion, 
included herein is a compound of the formula [ (T^*- 
l , 5-COD) PdT^Z] *X' , wherein: 

is hydrocarbyl not containing olefinic or 

acetylenic bonds; 

X is a weakly coordinating anion; 
COD is 1, 5-cyclooctadiene; 
Z is R^°CN; and 

r" is hydrocarbyl not containing olefinic or 

acetylenic bonds . 

Also included herein is a compound of the formula 




CHR11 



wherein : 

M is Ni(II) or Pd{II); 

R^ and r' are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 

r' and R* are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or and R* taken 
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together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; , ^ 

each r" is independently hydrogen, alkyl or 

- (CH2)mC02R^; . . _ 

5 is hydrogen, hydrocarbyl not contaxnxng 

olefinic or acetylenic bonds, or -CH.CH.CH.CO.R ; 

P is a divalent group containing one or more 
.epeat units derived from the P^^V^-^^f Z 
more of ethylene, an olefin of the formula R CH-Cm. 
10 r"ch=CHr", cyclobutene, cyclopentene, 

norbornene, or norbornene and, when M is Pd(II), 
:;tionally one or more of. a compound of the formula 
CH2=CH(CH2).C02R\ CO, or a vinyl ketone; 
is hydrocarbyl; 
m is 0 or an integer from 1 to 16-; 

is hydrogen, or hydrocarbyl or substituted 
hydrocarbyl containing 1 to 10 carbon atoms; 

and X is a weakly coordinating anion; 
provided that, when M is NidD, R not -CO3R • 

Lso described herein is a compound of the formula 



20 



R4 



R5 

(VII) 



25 """^l^^Zd R^ are each independently hydrocarbyl or 

substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 
,0 R^ and R* are each independently hydrogen, 

hydrocarbyl, substituted hydrocarbyl or R^ and R taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 
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10 



t"* is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, hydrocarbyl substituted 
with keto or ester groups but not containing olefinic 
or acetylenic bonds, R^'c{=0)- or r"0C(=0)-; 

R^^ is hydrocarbyl not containing olefinic or 

acetylenic bonds; and 

X is a weakly coordinating anion, 
included herein is a process for the production of 
polyolefins, comprising, contacting, at a temperature 
of about -10 0°C to about +200°C, a compound of the 
formula 



15 




CHRi'' 



R^''HC X" 



R5. 
(VI) 



and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
r"ch=CH2 or r"'ch=CHR^', cyclobutene, cyclopentene, 
substituted norbornene, and norbornene, 
20 wherein: 

M is Ni (II) or Pd(II) ; 

r^ and r' are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
25 two carbon atoms bound to it; 

r" and r' are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or r' and R* taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 
30 each r" is independently hydrogen, alkyl or 

- (CH2)mC02R\- 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, or -CH2CH2CH2CO2R ; 
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P is a divalent group containing one or more 
repeat units derived from the polymerization of one or 
monomers selected from the group consisting of 
ethylene, an olefin of the formula r"cH=CH. or 
r^-'ch=CHR", cyclopentene, cyclobutene. substituted 
norbornene, and norbornene, and. when M is Pd(II). 
optionally one or more of: a compound of the formula 
CH2=CH(CH2).C02R\ CO or a vinyl ketone; 
is hydrocarbyl; 
each r" is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olef mic ; 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms;. R^ is hydrogen, or 
hydrocarbyl or substituted hydrocarbyl containing 1 to 

10 carbon atoms; 

m is 0 or an integer of 1 to 16; 

and X is a weakly coordinating anion; 

provided that : 

when M is Pd a diene is not present; 
when norbornene or substituted norbornene is 
present, no other monomer is present; and 

further provided that, when M is Ni(II), R is 

not 

-COsR^ , . ^ 

included herein is a process for the production of 

polyolefins. comprising, contacting, at a temperature 
of about -100°C to about +200°C, a compound of the 
formula 

N (Q)y Y 
M C-R^^ 

(XVI)' ^"^^ 
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and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^"CH=CH2 or r"ch=CHR^\ cyclobutene, cyclopentene, 
substituted norbornene, and norbomene, 
wherein: 

Mis Zr, Ti, Sc, V, Cr, a rare earth metal, Fe, 
Co Ni or Pd of oxidation state m; 

r" and r' are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 

r' and R* are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 

each r" is independently hydrogen, or alkyl , 
or both of R^^ taken together are hydrocarbylene to 
form a carbocyclic ring; 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, or -CH,CH,CH,C03R^• 

P is a divalent group containing one or more 
repeat units derived from the polymerization of one or 
monomers selected from the group consisting of 
ethylene, an olefin of the formula R^^CH=CH, or 
r^^CH=CHR'\ cyclopentene, cyclobutene, substituted 
norbornene, and norbornene, and, when M is Pd(II), 
optionally one or more of: a compound of the formula 
CH2=CH(CH2)„,C02R\ CO, or a vinyl ketone; 
r* is hydrocarbyl ; 
a is 1 or 2; 
y + a + 1 = m; 
each r" is independently hydrocarbyl or 
substituted hydrocarbyl provided that . any olefinic bond 
in said olefin is separated from any other olefxnxc 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; rMs hydjrogen, or 
hydrocarbyl or substituted hydrocarbyl containing 1 to 
10 carbon atoms; 
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m is 0 or an integer of 1 to 16; 

and X is a weakly coordinating anion; 

provided that : 

when norbornene or substituted norbornene is 

present,, no other monomer is present; 

when M is Pd a diene is not present; and 
further provided that, when M is NidD, R^^ is 



-COzR^ 



not 

Also described herein is a compound of the formula 

N (Q)y Y 

N H-C-R^^ 
Is 

(XVI) ^"^^ 




wherein: 

M is Zr, Ti, Sc, V, Cr, a rare earth metal, Fe, 
Co Ni or Pd of oxidation state m; 

and are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 

and r' are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbyl ene or substituted 
hydrocarbylene to form a ring; 

each R^^ is independently hydrogen, or alkyl, 
or both of R^^ taken together are hydrocarbylene to 
form a carbocyclic ring; 

t' is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, or -CH.CH.CH.CO,R^• 

P is a divalent group containing one or more 
repeat units derived from the polymerization of one or 
monomers selected from the group consisting of 
ethylene, an olefin of - the formula R^^CH=CH, or 
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cyclopentene, cyclobutene, substituted 



CH=CHR , u,ywj.wt^' . - . rui A ^ 

. norbornene, and norbornene. and optionally, when M 
Pd(II), one or more of: a compound of the formula 
CH.=CH(CH3)„C0.r\ CO, or a vinyl ketone; 
5 Q is a monovalent anion; 

is hydrocarbyl; 
a is 1 or 2 ; 

^elch r"^ is independently hydrocarbyl or 
,0 .u.st..u.ea hydrocarbyl provided that ^^^j'^^ 
in said olefin is separated from any other olefinxc 
hid or aromatic ring by a ^atemary carbon atom or at, 
least two saturated carbon atoms; 

is hydrogen, or hydrocarbyl or substituted 
15 hydrocarbyl containing 1 to 10 carbon atoms; 

n, is 0 or an integer of 1 to 16; and 
and X is a weakly coordinating anion; 
and provided that when M is Pd a diene is not 
present . 

20 Described herein is a process, comprxsxng, 

contacting, at a temperature of about "f ^ ^ ^^^^^ 
.60°C, a compound of the formula .[ 5-COD) PdT Z] X 

and a diimine of the formula 




(VIII) 

to produce a compound of the formula 
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R2 

R5 X' 



R4 



X'' 



(II) 



wherein: ^ • ■ 

is hydrogen, hydrocarbyl not contaxnxng 

• v,^^^= r"c(=0)- orR 0C(=0)-; 
olefinic or acetylenic bonds, R C( o; 

X is a weakly coordinating anion; 
COD is 1,5-cyclooctadiene; 



Z is r"cN; 



10 • Is hydrocarbyl not containing olefinic or 

acetylenic ^^d- .,ef inic or 

acetylenic bonds,- ^^^^ hydrocarbyl or 

15 substituted hydrocarbyl, provided ^/^^^^ 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; and 

and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R and R taken 
20 together are hydrocarbylene or substituted 
hydrocarbylene to form a ring. 

Described herein is a process, comprising, 
contacting, at a temperature of about -80 C to about 
::"c a compound of the formula (,^-1 , B -COD) PdMe. and a 
25 diimine of the formula 
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15 



to produce a compound of the formula 



y Me 



20 




(XXXXI) 

5 wherein: 

COD is 1, 5-cyclooctadiene; 

and are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
10 carbon atoms bound to it; and 

R^ and R* are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or r' and R* taken 
together are hydrocarbyl ene or substituted 
hydrocarbylene to form a ring. 

Also disclosed herein is a compound of the formula 



R2 

R3 J 



R4 



NCR" 

^>^|s/ ^NCR" 
2X 



(XIV) 



wherein: 

r' and r' are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
25 carbon atoms bound to it; 

R^ and r" are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or r' and R^ taken 
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together are hydrocarbylene or substituted 

hydrocarbylene to form a ring; 

each r" is hydrocarbyl ; and 
each X is a weakly coordinating anion. 
This invention includes a compound of the formula 



20 



25 




(IX) 



10 wherein: 

M is Ni (II) or PdClD ; 

and r' are each independently hydrocarbyl or 

substituted hydrocarbyl, provided that ^^^^ ^^^^^ 

bound directly to the imino nitrogen atom has at least 
15 two carbon atoms bound, to it; 

and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 

each r'' is independently hydrogen, alkyl or 

-(CH3).CO.R^^ hydrogen, or hydrocarbyl or substituted 
hydrocarbyl containing 1 to 10 carbon atoms; 

is alkyl, -R^°C(0)OR% r"(C=0)- or R OC(-O) 

R^^ is hydrocarbyl not containing olefinic or 

acetylenic bonds; 

R^° is alkylene not containing olefmic or 

acetylenic bonds; 
3Q R* is hydrocarbyl;; 

and X is a weakly coordinating anion; 
and provided that when r" is -(CH.)„CO.R , or T 
is not alkyl, M is Pd(II) • 
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Described herein is a homopolypropylene wxth a 
glass transition temperature of -SO^C or less, and 
containing at least about 50 branches per 1000 

methylene groups. 

This invention also concerns a homopolytner of 

cyclopentene having a degree of 

30 or more and an end of melting point of -^^n.^O'C 
to about. Bio^C, provided that said homopolymer has less 
than 5 mole percent of enchained linear olefxn 

• -^^^rnTddrtrol"::srs:d herem is . .o...o.^.^ or 
copolymer of cyclopentene that has an X-ray powder 
diffraction pattern that has -flections at 
approximately 17. 3^ 19-3°, 24.2°, and 40.7 20. 
5 Another novel polymer is a homopolymer of 

cyclopentene wherein at least 90 mole percent of 
elchalned cyclopentylene units are ^ ' 3 -cyclopentylene 
units, and said homopolymer has an average degree 

polymerization of 30 more. ™,-^nP 
0 Described herein is a homopolymer of cyclopentene 

wherein at least 90 mole percent of enchained 
cyclopentylene units are cis-1 , 3 -cyclopentylene , and 
said homopolymer has an average degree of 

polymerization of about 10 or more. 
^S Also described is a copolymer of cyclopentene and 

u ^r. least 75 mole percent of enchained 
ethylene wherein at lease 

„r,-;hc are 1 3 -cyclopentylene units, 
cyclopentylene units are i,j f 

This invention concerns a copolymer of 
cyclopentene and ethylene wherein there are at least 
30 branches per 1000 methylene carbon atoms. 

Described herein is a copolymer of cyclopentene 
and ethylene wherein at least 50 mole percent of the 
repeat units are derived from cyclopentene. 

Disclosed herein is a copolymer of cyclopentene 

35 and an a-olefin, ^ • ^„ 

This invention also oonoems a polymerization 
process, comprising, contacting an olefin of the 
formula r"ch.CH. or r"ch.cHr", "herern each R 
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10 



independently hydrogen, hydrocarbyl , or substituted 
hydrocarbyl provided that any olefinic bond in saxd 
olefin is separated from any other olefinic bond or 
aromatic ring by a quaternary carbon atom or at least 
two saturated carbon atoms with a catalyst, wherexn 

said catalyst: 

contains a nickel or palladium atom in a 

positive oxidation state; - 

contains a neutral bidentate ligand coordinated 
to said nickel, or palladium atom, and wherein 
coordination to said nickel or palladium atom is 
through two nitrogen atoms or a nitrogen atom and a 

phosphorous atom; and 

said neutral bidentate ligand, has an Ethylene 



15 



when said 



Exchange Rate of less than 20,000 L-mol s 
catalyst contains a palladium atom, and less than 
50 000 L-mol-s- when said catalyst contains a nickel 



and provided that when Pd is present a diene is 

20 not present . 

Described herein is a process for the 
polymerization of olefins, comprising, contacting, at a 
temperature of about -100°C to about .200 C: 

a first compound which is a salt of an alkali 
25 metal cation and a relatively noncoordinating 
monoanion; 

a second compound of the formula 



R2 
R3 J 



YV 



R4 



30 (XX) 



and one or more monomers selected from the 
group consisting of ethylene, an olefin of the formula 
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R^''CH=CH2 or R*^CH=CHR^^, cyclobutene, cyclopentene, 
substituted norbornene, or norbornene; 
wherein: 

and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it ; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that R^^ contains no 
olefinic bond; 

is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^^C(=0)- or R^^OC(=0)-; 

S is chloride, iodide, or bromide; and 

provided that, when norbornene or substituted 
norbornene is present, no_other monomer is present. 

Described herein is a polyolef in, comprising, a 
polymer made by polymerizing one or more monomers of 
the formula HaC^CH {CH2) eG by contacting said monomers 
with a transition metal containing coordination 
polymerization catalyst, wherein: 

each G is independently hydrogen or -COaR^; 

each e is independently 0 or an integer of 1 to 

2 0; 

each R^ is independently hydrogen, hydrocarbyl 
or substituted hydrocarbyl; 
and provided that : 

said polymer has at least 50 branches per 1000 
methylene groups ; 

in at least 50 mole percent of said monomers G 
is hydrogen; and 

except when no branches should be theoretically 
present, the number of branches per 1000 methylene 
groups is 90% or less than the number of theoretical 
branches per 100 0 methylene groups, or the number of 
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branches per 1000 methylene groups is 110% or more of 
theoretical branches per 1000 methylene groups, and 

when there should be no branches theoretically 
present, said polyolefin has 50 or more branches per 

1000 methylene groups; 

and provided that said polyolefin has at least 
two branches of different lengths containing less than 

6 carbon atoms each. 

Also described herein is a polyolefin, comprising, 
a polymer made by polymerizing one or more monomers of 
the formula H.C=CH (CH,) eG by contacting said monomers 
with a transition metal containing coordination 
polymerization catalyst, wherein: ^. 

each G is independently hydrogen or -CO^R ; 

each e is independently 0 or an integer of 1 to 

20'- ■ ^ ■^ 

is independently hydrogen, hydrocarbyl or 
substituted hydrocarbyl; 
and provided that : 

said polymer has at least 50 branches per 1000 

methylene groups; 

in at least 5 0 mole percent of said monomers G 

is hydrogen; ^ ^-^ 

said polymer has at least 50 branches of the 
formula - (CH,) .G per 1000 methylene groups, wherein 
when G is the same as in a monomer and e^f , and/or for 
any single monomer of the formula H.C=CH (CH,) eG there 
are less than 90% of the number of theoretical branches 
per 1000 methylene groups, or more than 110% of the 
theoretical branches per 1000 methylene groups of the 
formula - (CH,) ,G and f=e, and wherein f is 0 or an 

integer of 1 or more; 

and provided that said polyolefin has at least two 
branches of different lengths containing less than 6 

carbon atoms . 

This invention concerns a process for the 

formation of linear a-olefins, comprising, contacting, 

at a temperature of about --^lOO^C to about +200 C: 
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ethylene ; 

a first compound W, which is a neutral Lewis acid 
capable of abstracting X' to form WX" , provided that 
the anion formed is a weakly coordinating anion, or a 
cationic Lewis or Bronsted acid whose counterion is a 
weakly coordinating anion; and 

a second compound of the formula 

r 

R2 

(XXXI) 
wherein: 

and are each independently hydrocarbyl or 
substituted hydrocarbyl; 

R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R'* taken 
together are hydro carbylene or substituted 
hydrocarbyl ene to form a ring; and 

Q and S are each independently chlorine, bromine, 
iodine or alkyl ; and 

wherein an a-olef in containing 4^ to 40 carbon 
atoms is produced. 

This invention also concerns a process for the 
formation of linear a-olef ins, comprising, contacting, 
at a temperature of about -100°C to about +200°C: 

ethylene and a compound of the formula 



R2 



(III) 

or 
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(XXXIV) 

o 

wherein: 

r2 and are each independently hydrocarbyl or 

substituted hydrocarbyl; 

and R* are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R* taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 

is hydrogen or n-alkyl containing up to 38 

carbon atoms ; 

Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur, or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound (measured in water) is 

less than about 6 ; 

U is n-alkyl containing up to 38 carbon atoms; 

and 

X is a noncoordinating anion; 
and wherein an a-olefin containing 4 to 40 carbon 

atoms is produced. 

Another novel process is a process for the 
formation of linear a-olefins, comprising, contacting, 
at a temperature of about -100°C to about +200 C: 

ethylene ; 

and a Ni [II] of 



R3 



R4 




R2 
I 

N 



N 

I 

(VIII) 
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and are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; 

R"' and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl, or R^ and R^ 
taken together are hydrocarbyl ene substituted 
hydrocarbylene to form a carbocyclic ring and 

wherein an a-olefin containing 4 to 40 carbon 
atoms is produced. 

Also described herein is a process for the 
production of polyolefins, comprising, contacting, at a 
temperature of about 0°C to about +2 0 0°C, a compound of 
the formula 



R2 




XXXVII 



and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^^CH=CH2 or R^^CH=CHR^^, cyclobutene, cyclopentene , 
substituted norbornene, and norbornene, 
wherein : 

M is Ni(II) or Pd(II); 

A is a 7i-allyl or 7t-benzyl group; 

R^ and R^ are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 

R^ and R* are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 
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each is independently hydrocarbyl or 
substituted hydrocarbyl provided that any olefinic bond 
in said olefin is separated from any other olefxnxc 
Zna or aromatic ring by a c^aternary carbon atom or at 
least two saturated carbon atoms; 

and X is a weakly coordinating anion; 
and provided that : 

when M is Pd a diene is not present; and . 
when norbornene or substituted norbornene xs 
present, no other monomer is present. 

The invention also includes a compound of the 

formula 



20 



25 



30 




A 



xxxvn 

15 wherein: 

M is Nidi) or Pd(II) ; 
A is a TT-allyl or n-benzyl group; 
R= and are each independently hydrocarbyl or 
substituted hydrocarbyl, provided that ^^^J^^^ ^^J^^ 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; 

R- and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R and R taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; 

each R^^ is independently hydrocarbyl or 
substituted hydrocarbyl provided that any ^^^^^^^ 
in said olefin is separated from any other olefxnxc 
LLd or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; 

and X is a weakly coordinating anion; 
and provided that when M is Pd a diene is not 
present. 
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This invention also includes a compound of the - 
formula 



a 

Hi 




5 (xxxviii) 
wherein: 

and are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or and R^ taken 
10 together are hydro carbylene or substituted 
y,i hydrocarbylehe to form a ring; 

^ R^^ is hydrocarbyl or substituted hydrocarbyl, 

Si provided that the carbon atom bound directly to the 

ry imino nitrogen atom has at least two carbon atoms bound 

Q 15 to it; 

each R^^ is independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl, or a functional 
group ; 

W is alkylene or substituted alkylene 
20 containing 2 or more carbon atoms; 

Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur, or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound (measured in water) is 
25 less than about 6, or an olefin. of the formula 
R^'^CH^CHR^'^; 

each R^^ is independently hydrogen, saturated 
hydrocarbyl or substituted saturated hydrocarbyl; and 
X is a weakly coordinating anion; 
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and provided that when M is Ni, W is alkylene and 
each R^^ is independently hydrogen or saturated 
hydrocarbyl . 

This invention also includes a process for the 
production of a compound of the formula 




(xxxvni) 

comprising, heating a compound of the formula 




'I. 

(XXXIX) 

at a temperature of about -3 0°C to about +100° for a 
sufficient time to produce (XXXVIII) , and wherein: 

and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbyl ene or substituted 
hydrocarbylene to form a ring; 

R^^ is hydrocarbyl or substituted hydrocarbyl, 
provided that the carbon atom bound directly to the 
imino nitrogen atom has at least two carbon atoms bound 
to it; 

each R^^ is independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl, or a functional 
group ; 

R^^ is alkyl containing 2 to 3 0 carbon atoms; 
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is alkyl; 

W is alkylene containing 2 to 3 0 carbon atoms; 

Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur, or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound (measured in water) is 
less than about 6; and 

X is a weakly coordinating anion. 
This invention also concerns a process for the 
polymerization, of olefins, comprising, contacting a 
compound. of the formula 




(XXXVIII) 

and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
R^'^CH=CH2 or R^'^CH=CHR^'', cyclobutene, cyclopentene , 
substituted norbornene, and norbornene, . 
wherein: 

and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
together are hydrocarbylene or substituted 
hydrocarbyl ene to form a ring; 

R^^ is hydrocarbyl or substituted hydrocarbyl, 
provided that the carbon atom bound directly to the 
imino nitrogen atom has at least two carbon atoms bound 
to it; 

each R^^ is independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl, or a functional 
group ; 

W is alkylene or substituted alkylene 
containing 2 or more carbon atoms; 
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Z is a neutral Lewis base wherein the donating 
atom is nitrogen, sulfur, or oxygen, provided that if 
the donating atom is nitrogen then the pKa of the 
conjugate acid of that compound (measured in water) is 
less than about 6, or an olefin of the formula 
R^''CH=CHR^''; 

each R^^ is independently hydrogen, saturated 
hydrocarbyl or substituted saturated hydrocarbyl; and 

X is a weakly coordinating anion; 
and provided that : 

when M is Ni, W is alkylene and each R^^ is 
independently hydrogen or saturated hydrocarbyl; 

and when norbornene or substituted norbornene 
is present, no other monomer is present. 

This invention also concerns a homopolypropylene 
containing about 10 to about 700 8+ methylene groups 
per 1000 total methylene groups in said 
homopolypropylene . 

Described herein is a homopolypropylene wherein 
the ratio of S+ry methylene, groups is about 0.5 to 
about 7 . 

Also included herein is a homopolypropylene in 
which about 3 0 to about 85 mole percent of the monomer 
units are enchained in an co,l fashion. 

DETAILS OF THE INVENTION 

Herein certain terms are used to define certain 
chemical groups or compounds. These terms are defined 
below . 

• A "hydrocarbyl group" is a univalent group . 
containing only carbon and hydrogen. If not otherwise 
stated, it is preferred that hydrocarbyl groups herein 
contain 1 to about 3 0 carbon atoms. 

• By "not containing olefinic or acetylenic 
bonds" is meant the grouping does not contain olefinic 
carbon-carbon double bonds (but aromatic rings are not 
excluded) and carbon-carbon triple bonds, 

• By "substituted hydrocarbyl" herein is meant 
a hydrocarbyl group which contains one or more 
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substituent groups which are inert under the process 
conditions to which the compound containing these 
groups is subjected. The substituent groups also do 
not substantially interfere with the process. If not 
otherwise stated, it is preferred that substituted 
hydrocarbyl groups herein contain 1 to about 3 0 carbon 
atoms. Included in the meaning of "substituted" are 
heteroaromatic rings . 

• By an alkyl aluminum compound is meant 
a compound in which at least one alkyl group is bound 
to an aluminum atom. Other groups such as alkoxide, 
oxygen, and halogen may also be bound to aluminum atom's 
in the compound . 

• By "hydrocarbylene" herein is meant a 
divalent group containing only carbon and hydrogen. 
Typical hydrocarbylene groups are -(CH2)4-/ - 
CH2CH(CH2CH3)CH2CH2- and 




(An) 



If not otherwise stated,' it is preferred that 
hydrocarbylene groups herein contain 1 to about 3 0 
carbon atoms . 

• By "substituted hydrocarbylene" herein is 
meant a hydrocarbylene group which contains one or more 
substituent groups which are inert under the process 
conditions to which the compound containing these 
groups is subjected. The substituent groups also do 
not substantially interfere with the process. If not 
otherwise stated, it is preferred that substituted 
hydrocarbylene groups herein contain 1 to about 3 0 
carbon atoms . Included within the meaning of 
"substituted" are heteroaromatic rings. 
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• By substituted norbornene is meant a 
norbornene which is substituted with one or more groups 
which does not interfere substantially with the 
polymerization. It is preferred that substituent 
groups (if they contain carbon atoms) contain 1 to 3 0 
carbon atoms. Examples of substituted norbornenes are 
ethyl idene norbornene and methylene norbornene. 

• By "saturated hydrocarbyl" is meant a ^ 
univalent group containing only carbon and hydrogen 
which contains no unsaturat ion, such as olefinic, 
acetylenic, or aromatic groups. Examples of such 
groups include alkyl and cycloalkyl . If not otherwise 
stated, it is preferred that saturated hydrocarbyl 
groups herein contain 1 to about 30 carbon atoms, 

• By "neutral Lewis base" is meant a compound, 
which is not an ion, which can act as a Lewis base. 
Examples of such compounds include ethers, amines, 
sulfides, and organic nitriles. 

• By "cat ionic Lewis acid" is meant a cation 
which can act as a Lewis acid. Examples of such 
cations are sodium and silver cations. 

• By "a-olefin" is meant a compound of the 
formula CH2=CHR^^, wherein R^^ is n-alkyl or branched 
alkyl, preferably n-alkyl. 

• By "linear a-olefin" is meant a compound of 
the formula CH2=CHR^^, wherein R^^ is n-alkyl. It is 
preferred that the linear a-olefin have 4 to 40 carbon 
atoms . 

• By a "saturated carbon atom" is meant a 
carbon atom which is bonded to other atoms by single 
bonds only. Not included in saturated carbon atoms are 
carbon atoms which are part of aromatic rings. 

• By a quaternary carbon atom is meant a 
saturated carbon atom which is not bound to any 
hydrogen atoms . A preferred quaternary carbon atom is 
bound to four other carbon atoms . 
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• By an olefinic bond is meant a carbon-carbon 
double bond, but does not include bonds in aromatic 
rings . 

• By a rare earth metal is meant one of 
lanthanum, cerium, praeseodymium, neodymium, 
promethinm, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium or 
lutetium. ^ 

This invention concerns processes for making 
polymers, comprising, contacting one or more selected 
olefins or cycloolef ins , and optionally an ester or 
carboxylic acid of the formula CH2=CH (CHj) mCOsR^/ and ' 
other selected monomers, with a transition metal 
containing catalyst (and possibly other catalyst 
components) . Such catalysts are, for instance, various 
complexes of a diimine with these metals. By a 
"polymerization process herein (and the polymers made 
therein) " is meant a process which produces a polymer 
with a degree of polymerization (DP) of about 20 or 
more, preferably about 4 0 or more [except where 
otherwise noted, as in P in compound (VI)] By "DP" is 
meant the average number of repeat (monomer) units in 
the polymer. 

One of these catalysts may generally be written as 



R4 



R2 

I 

(I) 

wherein: M is Ni(II), Co (II), Fe(II) or Pd(II); and 

are each independently hydrocarbyl or substituted 
hydrocarbyl , provided that the carbon atom bound to the 
imino nitrogen atom has at least two carbon atoms bound 
to it; R^ and R^ are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or R^ and R^ taken 
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together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; Q is alkyl. hydride, 
chloride, iodide, or bromide; and S is alkyl, hydride, 
chloride, iodide, or bromide. Preferably M is Ni(II) 
or Pd(II) . 

In a preferred form- of (I), r' and R* are each 
independently hydrogen or hydrocarbyl - If Q and/or S 
is alkyl, it is preferred that the alkyl contains 1 to 
4 carbon atoms, and more preferably is methyl. 

Another useful catalyst is 



R2 

R3 ' 



15 



20 



25 



30 



R4 



R5 X- 

(11) 



wherein: r' and r' are each independently hydrocarbyl 
or substituted hydrocarbyl, provided that the carbon 
atom bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; r' and r'' are each 
independently hydrogen, hydrocarbyl, substituted 
hydrocarbyl or r' and R^ taken together are 
hydrocarbylene or substituted hydrocarbylene to form a 
ring; is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, r"c(=0)- or R^OC (=0) - ; Z 
is a neutral Lewis base wherein the donating atom is 
nitrogen, sulfur or oxygen, provided that, if the 
donating atom is nitrogen, then the pKa of the 
conjugate acid of that compound is less than about 6; 
is a weakly coordinating anion; and r" is hydrocarbyl 
not containing olefinic or acetylenic bonds . 

In one preferred form of (II), R' and R* are each 
independently hydrogen or hydrocarbyl . In a more 
preferred form of (II), is alkyl, and is 
especially preferably methyl. It is preferred that 
is R%0 or r''cn, wherein each r' is independently 



X 



z 
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hydrocarbyl and r'' is hydrocarbyl . It is preferred that 
and r'' are alkyl, and it is more preferred that they 
are methyl or ethyl. It is preferred that X* is BAF , 
SbFg, PFg or BF4. 
5 Another useful catalyst is 



R2 




(HI) 



10 wherein: R^ and R^ are each independently hydrocarbyl 
or substituted hydrocarbyl, provided that the carbon 
atom bound to the imino nitrogen atom has at least two 
carbon atoms bound to it; R^ and R^ are each 
independently hydrogen, hydrocarbyl, or substituted 

15 hydrocarbylene, or R^ and R^ taken together are 

hydrocarbylene or substituted hydrocarbylene to form a 
ring; is hydrogen, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^^C(=0)- or R 0C{=0)-; Z 
is a neutral Lewis base wherein the donating atom is 

20 nitrogen, sulfur or oxygen, provided that if the 

donating atom is nitrogen then the pKa of the conjugate 
acid of that compound is less than about 6; X is a 
weakly coordinating anion; and R^^ is hydrocarbyl not 
containing olefinic or acetylenic bonds. 

25- In one preferred form of (III) , R^ and R^ are each 

independently hydrogen, hydrocarbyl. In a more 
preferred form of (III) is alkyl, and is 
especially preferably methyl. It is preferred that Z 
is R^aO or r'^CN, wherein each R^ is independently 

30 hydrocarbyl and r'^ is hydrocarbyl.. It is preferred 

that R^ and r'' are alkyl, and it is especially preferred 
that they are methyl or ethyl. It is preferred that X" 
is BAF", SbFg-, PFg" or BF4- . 
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Relatively weakly coordinating anions are known to 
the artisan. Such anions are often bulky anions, 
particularly those that may delocalize their negative 
charge. Suitable weakly coordinating anions in thxs 
Application include {Ph) ,B' (Ph = phenyl), 
tetrakis [3 , 5 -bis (trifluoromethyl) phenyl] borate (herein 

abbreviated BAF) , PFg' , BF4" , SbPg , 
trifluoromethanesulfonate, p-toluenesulf onate, 

(R,SO.).N-, and (C,Fs).B-. Preferred weakly coordinating 
anions include BAF", PF^- , BF,", and SbF^ . 

Also useful as a polymerization catalyst is a 

compound of the formula 



-ff! 

m R2 OR^ 

^ M 



R5 



15 (IV) 



S wherein: and R^ are each independently hydrocarbyl 

or substituted hydrocarbyl, provided that the carbon 
atom bound to the imino nitrogen atom has at least two 
20 carbon atoms bound to it; R^ and R* are each 

independently hydrogen, hydrocarbyl, substituted 
hydrocarbyl or R^ and taken together are 
hydrocarbylene or substituted hydrocarbylene to ^f orm a 
ring; M is Ni(II) or Pd(II); each R^ is independently 
25 hydrogen or alkyl containing 1 to 10 carbon atoms; n is 
1, 2, or 3; X is a weakly coordinating anion; and R is 

hydrocarbyl . j^e 

It is preferred that n is 3, and all of R are 
hydrogen. It is also preferred that R« is alkyl or 
30 substituted alkyl, especially preferred that it is 
alkyl, and more preferred that R° is methyl. 
Another useful catalyst is 
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wherein: and are hydrocarbyl or substituted 
hydrocarbyl, provided that the carbon atom bound 
directly to the imino nitrogen atom has at least two 
carbon atoms bound to it ; R^ and R^ are each ■ 
independently hydrogen, hydrocarbyl, substituted 
hydrocarbyl or R^ and R^ taken together are 
hydrocarbylene or substituted hydrocarbylene to form a 
ring; is hydrogen,, hydrocarbyl not containing 
olefinic or acetylenic bonds, R^^C(=0)- or R^^OC{=0)-; 
R^^ is hydrocarbyl not containing olefinic or 

18 18 

acetylenic bonds; E is halogen or -OR ; R is 
hydrocarbyl not containing olefinic or acetylenic 
bonds; and X is a weakly coordinating anion. It is 
preferred that is alkyl containing 1 to 4 carbon 
atoms, and more preferred that it is methyl. In other 
preferred compounds (V) , R^ and R^ are methyl or 
hydrogen and R^ and R^ are 2 , 6 -diisopropylphenyl and X 
is BAF. It is also preferred that E is chlorine. 

Another useful catalyst is a compound of the 
formula 



R2 




R5 

(VII) 



wherein: R^ and R^ are each independently hydrocarbyl 
or substituted hydrocarbyl , provided that the carbon 
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atom bound to the imino nitrogen .to™ has at least two 
carbon atoms bound to it; r' and R are each 
independently hydrogen, hydrocarbyX, substituted 
hydrocarbyl or r' and R* taken together are 
5 hydrocarbylene or substituted hydrocarbylene to form a 
ring- T= is hydrogen, hydrocarbyl not containing 
oleflnic or acetylenic bonds, hydrocarbyl substituted 
: th kato or ester groups but not containing ole inic 
or acetylenic bonds, R»C(.0)- or R^OC(=0)-; R - 
,0 hydrocarbyl not containing clefinic or -etylanic 
bonds, and X is a weakly coordinating anion 
prefeired form of (VII, , T= is alkyl containing 1 to 4 . 
7^Zn atoms and is especially preferably methyl . 
T^l, preferred that X is perfluoroalkylsulfonate. 
,5 especially trifluoromethanesulfonate ^^^'^ 
is an extremely weakly coordinating — 
(VII) may not form. Thus it may be said that (VII 
firms usually with weakly, but perhaps not extremely 
weakly, coordinating anions. 
20 in all compounds, intermediates, catalysts, 

processes, etc. in which they appear it is P-'-«<^ 
tLt R^ and R' are each independently l^y^— fVl. and 
in one form it is especially preferred that R and R 
are both 2,6-diisopropylphenyl. particularly when R 
25 and R^ are each independently hydrogen or methyl. It 
i: al.o preferred that r' and r' are each independently 
hydrogen hydrocarbyl or taken together hydrocarbylene 

to form a carbocyclic ring. „ h „ pa o is 

compounds of the formula (I) wherein M is Rd. Q is 
30 alkyl and S is halogen may be made by the reaction of 
30 alkyl an 5_cyolooctadiene (COD) Pd complex 

the corresponding l . i oyoJ-u 

with the appropriate diimine . When H is .Ni^ ''J^^l^l^^l 
made by the displacement of a another ligand. such 
dialkylether or a polyether such as 1.2- 
35 dimethoxyethane. by an appropriate d""-"- 

catalysts of formula (II) . wherein X is BAF . may 
be made by reacting a compound of formula (I, wherein Q 
is alkyl Ld S is halogen, with about one equivalent of 
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an alkali metal salt, particularly the sodium salt, of 
HBAF, in the presence of a coordinating ligand, 
particularly a nitrile such as acetonitrile . When X' 
is an anion such as BAF", SbFg" or BF4" the same 
starting palladium compound can be reacted with the 
silver salt AgX. 

However, sometimes the reaction of a diimine with 
a 1,5-COD Pd complex as described above to make 
compounds of formula (11) may be slow and/or give poor 
conversions, thereby rendering it difficult to make the 
starting material for (II) using the method described 
in the preceding paragraph . For instance when : 
R^=R^ = Ph2CH- and R^=R^=H; R^=R^-Ph- and R^=R^ = Ph; R^=R^=2- 
t-butylphenyl and R^=R'^ = CH3; R^=R^=a-naphthyl and 
R^=R^=CH3; and R^=R^=2 -phenylphenyl and R^=R^=CH3 
difficulty may be encountered in making a compound of 
formula (II) . 

In these instances it has been found more 
convenient to prepare (II) by reacting [(r|^-l,5- 
COD) PdT^Z] ""x" , wherein and X are as defined above and 
Z is an organic nitrile ligand, preferably in an 
organic nitrile solvent, with a diimine of the formula 



R2 




R5 

(VIII) 



By a "nitrile solvent" is meant a solvent that is 
at least 2 0 volume percent nitrile compound. The 
product of this reaction is (II) , in which the Z ligand 
is the nitrile used in the synthesis. In a preferred 
synthesis, is methyl and the nitrile used is the 
same as in the starting palladium compound, and is more 
preferably acetonitrile. The process is carried out in 
solution, preferably when the nitrile is substantially 
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all of the solvent, at a temperature of about -40*^C to 
about +60°C, preferably about 0°C to about 3 0°C. It is 
preferred that the reactants be used in substantially 
equimolar quantities . 
5 The compound [ {r|^-l , 5-COD) PdT^Z] "^X' , wherein is 

alkyl, Z is an organic nitrile and X is a weakly 
coordinating anion may be made by the reaction of [(t]^- 
1, 5-COD) PdT^A, wherein A is Cl, Br or l" and is alkyl 
with the silver salt of X' , AgX, or if X is BAF with an 

10 alkali ..metal salt of HBAF, in the presence of an 

organic nitrile, which of course will become the ligand 
T^. In a preferred process A is Cl, is alkyl, more' 
preferably methyl, and the organic nitrile is an alkyl 
nitrile, more preferably acetonitrile . The starting 

15 materials are preferably present in approximately 
equimolar amounts, except for the nitrile which is 
present preferably in excess. The solvent is 
preferably a non-coordinating solvent such as a 
halocarbon. Methylene chloride is useful as such a 

20 solvent. The process preferably is carried out at a 
temperature of about -40°C to about +50°C. It is 
preferred to exclude water and other hydroxyl 
containing compounds from the process, and this may be 
done by purification of the ingredients and keeping the 

25 process mass, under an inert gas such as nitrogen. 

Compounds of formula (II) [or (III) when the metal 
is nickel] can also be made by the reaction of 



R2 

R3 J. 



30 (X) 



R4- 



with a source of the conjugate acid of the anion X, the 
acid HX or its equivalent (such as a trityl salt) in 
the presence of a solvent which is a weakly 
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coordinating ligand such as a dialkyl ether or an alkyl 
nitrile. It is preferred to carry out this reaction at 
about -8 0°C to about 3 0°C. 

Compounds of formula (XXXXI) can be made by a 
process, comprising, contacting, at a temperature of 
about -8 0*^C to about +2 0°C, a compound of the formula ( 
r|^-l, 5-COD) PdMe2 and a diimine of the formula 



wherein: COD is 1, 5-cyclooctadiene; R and R 
are each independently hydrocarbyl or substituted 
hydrocarbyl, provided that the carbon atom bound to the 
imino nitrogen atom has at least two carbon atoms bound 
to it; and R^ and R^ are each independently hydrogen, 

3 4 

hydrocarbyl, substituted hydrocarbyl or R and R taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a ring. It is preferred that 
the temperature is about -50°C to about +10°C. It is 
also preferred that the two starting materials be used 
in approximately equimolar quantities, and/or that the 
reaction be carried out in solution. It is preferred 
that R^ and R^ are both 2-t-butylphenyl or 2,5-di-t- 
butylphenyl and that R^ and R^ taken together are An, 
or R^ and R^ are both hydrogen or methyl . 

Compounds of formula (IV) can be made by several 
routes. In one method a compound of formula (II) is 
reacted with an acrylate ester of the formula 
CHs^CHCOaR^ wherein R^ is as defined above. This 
reaction is carried out in a non- coordinating solvent 
such as methylene chloride, preferably using a greater 
than 1 to 50 fold excess of the acirylate ester. In a 



R2 




R5 



(VIII) 
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preferred reaction, Q is methyl, and R is alkyl 
containing 1 to 4 carbon atoms, more preferably methyl. 
The process is carried out at a temperature of about - 
100°C to about .100°C, preferably about 0 C to about 
50°C It is preferred to exclude water and other 
hydroxyl containing compounds from the process, and 
tLs may be done by purification of the ingredxents and 
keeping the process mass under an inert gas such as 

nitr"OQen ^ . 

Alternatively, (IV) may be prepared by reacting 
(I) , wherein Q is alkyl and S is Cl, Br or I with a 
source of an appropriate w.akly coordinating anxon such 
as AgX or an alkali metal salt of BAF and an -rylate 
ester (formula as immediately above) in a sxngle step. 
Approximately equimolar quantities of (D -^''Lt the 
weakly coordinating anion source are preferred but the 
acrylate ester may be present in greater than 1 to 50 
fold excess. In a preferred reaction, Q is methyl, and 

is alkyl containing 1 to 4 carbon atoms, more 
preferably methyl. The process is preferably carrxed 
out at a temperature of about -100°C to about .100 C, 
preferably about 0°C to about 50°C. It is preferred to 
exclude water and other hydroxyl containing compounds 
from the process, and this may be done by purificatxon 
of the ingredients and keeping the process mass under 
an inert gas such as nitrogen. . 

in another variation of the preparation of (IV) 
from (I) the source of the weakly coordinating anxon xs 
a compound which itself does not contain an anion, but 
which can combine with S [of (I)] to form such a weakly 
coordinating anion. Thus in this type of process by 
"source of weakly coordinating anion" is meant a 
compound which itself contains the anion which wxll 
. become X" , or a compound which during the process can 
35 combine with other process ingredients to form such an 

^''''""catalysts of formula (V), wherein X is BAF", may 
be made by reacting a compound of formula (I) wherein Q 



20 



25 



30 
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is alkyl and S is halogen, with about one-half of an 
equivalent of an alkali metal salt, particularly the 
sodium salt, of HBAF. Alternatively, (V) containing 
other anions may be prepared by reacting (I) , wherein Q 
is alkyl and S is Cl, Br or I with one-half equivalent 
of a source of an appropriate weakly coordinating anion 
such as AgX. 

Some of the nickel and palladium compounds 
described above are useful in processes for 
polymerizing various olefins, and optionally also 
copolymerizing olelinic esters, carboxylic acids, or 
other functional olefins, with these olefins. When (I) 
is used as a catalyst, a neutral Lewis acid or a 
cationic Lewis or Bronsted acid whose counterion is a 
weakly coordinating anion is also present as part of 
the catalyst system (sometimes called a "first 
compound" in the claims) . By a "neutral Lewis acid" is 
meant a compound which is a Lewis acid capable for 
abstracting Q' or S" from (I) to form a weakly 
coordination anion. The neutral Lewis acid is 
originally uncharged (i.e., not ionic). Suitable 
neutral Lewis acids include SbFs, AraB (wherein Ar is 
aryl), and BF3 , By a cationic Lewis acid is meant a 
cation with a positive charge such as Ag*, H"^, and Na"^. 

In those instances in which (I) (and similar 
catalysts which require the presence of a neutral Lewis 
acid or a cationic Lewis or Bronsted acid) , does not 
contain an alkyl or hydride group already bonded to the 
metal (i.e., neither Q or S is alkyl or hydride), the 
neutral Lewis acid or a cationic Lewis or Bronsted acid 
also alkylates or adds a hydride to the metal, i.e., 
causes an alkyl group or hydride to become bonded to 
the metal atom. 

A preferred neutral Lewis acid, which can alkylate 
the metal, is a selected alkyl aluminum compound, such 
as R%A1, R^sAlCl, R^AlClj, and "R^AlO" 

(alkylaluminoxanes) , wherein R^ is alkyl containing 1 
to 25 carbon atoms, preferably 1 to 4 carbon atoms. 
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Suitable alkyl aluminum compounds include 
methylaluminoxane (which is an oligomer with the 
general formula [MeAlO] n) , (C2H5)2A1C1, C2H5AICI2, and 
[ (CH3)2CHCH2]3A1. 

Metal hydrides such as NaBH4 may be used to bond 
hydride groups to the metal M. 

The first compound and (I) are contacted, usually 
in the liquid phase, and in the presence of the olefin, 
and/or 4-vinylcyclohexene, cyclopentene , cyclobutene, 
substituted norbornene, or norbornene. The liquid 
phase may include a compound added just as a solvent 
and/or may include the monomer (s) itself. The molar 
ratio of first compound : nickel or palladium complex is 
about 5 to about 1000, preferably about 10 to about 
100. The temperature at which the polymerization is 
carried out is about -100°C to about +200°C, preferably 
about -2 0°C to about +8 0°C. The pressure at which the 
polymerization is carried out is not critical, 
atmospheric pressure to about 275 MPa, or more, being a 
suitable range. The pressure may affect the 
microstructure of the polyolefin produced (see below) . 

When using (I) as a catalyst, it is preferred that 
and are hydrogen, methyl, or taken together are 




(An) 



It is also preferred that both R^ and R^ are 2,6- 
diisopropylphenyl, 2, 6-dimethylphenyl , 2,6- 
diethylphenyl , 4 -methylphenyl , phenyl, 2,4,6- 
trimethylphenyl, and 2 - t-butylphenyl . When M is 
Nidi), it is preferred that Q and S are each 
independently chloj^ide or bromide, while when M is 
Pd(II) it is preferred that Q is methyl, chloride, or 
bromide, and S is chloride, bromide or methyl. In 
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addition, the specific combinations of groups in the 
catalysts listed in Table I are especially preferred. 

Table I 







R^ 


r' 


Q 


S 


M 


2 , 6-i-PrPh 


H 


H 


2, 6-i-PrPh 


Me 


Cl 


Pd 


2,6-i-PrPh . 


Me 


Me 


2 , 6-i-PrPh 


Me 


CI 


Pd 


2 , 6-i-PrPh 


An 


An 


2, 6-i-PrPh 


Me 


Cl 


Pd 


2 , 6-MePh 


H 


H 


2,6-MePh 


Me 


Cl 


Pd 


4-iyiePh 


H 


H 


4-MePh 


Me 


Cl 


Pd 


4-MePh 


Me"* 


Me 


4-MePh 


Me 


Cl 


Pd 


2 , 6-i-PrPh 


Me 


Me 


2 , 6-i-PrPh 


Me 


Me 


Pd 


2 , 6-i-PrPh 


H 


H 


2 , 6-i-PrPh 


Me 


Me 


Pd 


2, 6-MePh 


H 


H 


2 , 6-MePh 


Me 


Me 


Pd 


2 , 6-i-PrPh 


H 


H 


2 , 6-i-PrPh 


Br 


Br 


Ni 


2 , 6-i-PrPh 


Me 


Me 


2 , 6-i-PrPh 


Br 


Br 


Ni 


2 , 6-MePh 


H 


H 


2,6-MePh 


Br 


Br 


Ni 


Ph 


Me 


Me 


Ph 


Me 


Cl 


Pd 


2 , 6-EtPh 


Me 


Me 


2 , 6-EtPh 


Me 


Cl 


Pd 


2 , 4 , 6-MePh 


Me 


Me 


2,4, 6-MePh 


Me 


Cl 


Pd 


2 , 6-MePh 


Me 


Me 


2 , 6-MePh 


* Br 


Br 


Ni 


2 , 6-i-PrPh 


An 


An 


2, 6-i-PrPh 


Br 


Br 


Ni 


2 , 6-MePh 


An 


An 


2 , 6-MePh 


Br 


Br 


Ni 


2- t-BuPh 


An 


An 


2- t-BuPh 


Br 


Br 


Ni 


2 , 5-t-BuPh 


An 


An 


2 , 5-t-BuPh 


Br 


Br 


Ni 


2-i-Pr-6-iyiePh 


An 


An 


2-i-Pr-6-MePh 


Br 


Br ■ 


Ni 


2-i-Pr-6-MePh 


Me 


Me 


2-i-Pr-6-MePh 


Br 


Br 


Ni 


2 , 6-t-BuPh 


H 


H 


2 , 6-t-BuPh 


Br 


Br 


Ni 


2 , 6-t-BuPh 


Me 


Me 


2, 6-t-BuPh 


Br 


Br 


Ni 


2 , 6-t-BuPh 


An 


An 


2, 6-t-BuPh 


Br 


Br 


Ni 


2-t-BuPh 


Me 


Me 


2-t-BuPh 


Br 


Br 


Ni 


Note - In 


Tables I 


and II, and elsewhere 


herein. 
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the following convention and abbreviations are used. 
For and R^ when a substituted phenyl ring is 
present, the amount of substitution is indicated by the 
number of numbers indicating positions on the phenyl 
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ring, so that, for example, 2,6-i-PrPh is 2,6- 
diisopropylphenyl . The following abbreviations are 
used: i-Pr = isopropyl; Me = methyl; Et = ethyl; t-Bu = 
t -butyl; Ph = phenyl; Np = naphthyl ; An = 1/8- 
5 naphthylylene (a divalent radical used for both and 
R^, wherein R^ and R^ taken together form a ring, which 
is part of an acenaphthylene group) ; OTf = triflate; 
and BAF = tetrakis [3 , 5- 
bis (trifluoromethyl) phenyl] borate . 

10 ^ 

Preferred olefins in the polymerization are one or 
more of ethylene,- propylene, 1-butene, 2-butene, 1- 
hexene 1-octene, 1-pentene, 1-tetradecene , norbornene, 
and cyclopentene, with ethylene, propylene and 

15 cyclopentene being more preferred. Ethylene (alone as 
a homopolymer) is ^^pecially preferred. 

The polymerizations with (1) may be run in the 
presence of various liquids, particularly aprotic 
organic liquids. The catalyst system, monomer (s), and 

20 polymer may be soluble or insoluble in these liquids, 
but obviously these liquids should not prevent the 
polymerization from occurring. Suitable liquids include 
alkanes, cycloalkanes , selected halogenated 
hydrocarbons, and aromatic hydrocarbons. Specific 

25 useful solvents include hexane, toluene and benzene. 

Whether such a liquid is used, and which and how 
much liquid is used, may affect the product obtained. 
It may affect the yield, microstructure , molecular 
weight, etc., of the polymer obtained. 

30 Compounds of formulas (XI), (XIII), (XV) and (XIX) 

may also be used as catalysts for the polymerization of 
the same monomers as compounds of formula (I) . The 
polymerization conditions are the same for (XI) , 
(XIII) , (XV) and (XIX) as for (I) , and the same Lewis 

35 and Bronsted acids are used as co-catalysts. Preferred 
groupings R^, R^, R^, and R^ (when present) in (XI) and 
(XIII) are the same as in (I) , both in a polymerization 
process and as compounds in their own right . 
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Preferred (XI) compounds have the metals Sc(III), 
Zr(IV), Ni(II), Nid), Pd(II), Fe(II), andCo(II). 
When M is Zr, Ti, Fe , and Sc it is preferred that all 
of Q and S are chlorine or bromine more preferably 
5 chlorine. When M is Ni- or Co it is preferred that all 
of Q and S are chlorine, bromine or iodine, more 
preferably bromine . 

In (XVIir preferred metals are Ni(II) and Ti(IV). 
It is preferred. that all of Q and S are halogen. It is 

2 8 29 30 

10 also preferred that all of R , R , and R are 
hydrogen, and/or that both R^^ and R^^ are 2,4,6- 
trimethylphenyl or 9-anthracenyl . 

In (XV) it is preferred that both of R^^ are 
hydrogen . 

15 In (XIII) , (XXIII) and (XXXII) (as polymerization 

catalysts and as novel compounds) it is preferred that 
all of R^°. R^^, R^^ and R^^ are methyl. It is also 
preferred that and are methyl. For (XIII), when 
M is Ni(I) or (II), it is preferred that both Q and S 

20 are bromine, while when M is Pd it is preferred that Q 
is methyl and S is chlorine. 

Compounds (II) , (IV) or (VII) will each also 
cause the polymerization of one or more of an olefin, 
and/or a selected cyclic olefin such as cyclobutene, 

25 cyclopentene or norbornene, and, when it is a Pd(II) 

complex, optionally copolymerize an ester or carboxylic 
acid of the formula CH2=CH (CH2) ^^COaR^, wherein m is 0 or 
an integer of 1 to 16 and R^ is hydrogen or hydrocarbyl 
or substituted hydrocarbyl, by themselves (without 

30 cocatalysts) . However, (III) often cannot be used when 
the ester is present . When norbornene or substituted 
norbornene is present no other monomer should be 
present . 

Other monomers which may be used with compounds 
35 (II), (IV) or (VII) (when it is a Pd(II) complex) to 

form copolymers with olefins and selected cycloolefins 
are carbon monoxide (CO) , and vinyl ketones of the 
general formula HsC^CHC (O) R^^ , wherein R^^ is alkyl 
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containing 1 to 20 carbon atoms, and it is preferred 
that R^^ is methyl. In the case of the vinyl ketones, 
the same compositional limits on the polymers produced 
apply as for the carboxylic acids and esters described 
as comonomers in the immediately preceding paragraph. 

CO forms alternating copolymers with the various 
olefins and cycloolef ins which may be polymerized with 
compounds (II) , (IV) or (VII) . The polymerization to 
form the alternating copolymers is done with both CO 
and the olefin simultaneously in the process mixture, 
and available to the catalyst. It is also possible to 
form block copolymers containing the alternating 
CO/ (cycle) olefin copolymers and other blocks containing 
just that olefin or other olefins or mixtures thereof. 
This may be done simply by sequentially exposing 
compounds (II) , (IV) or (VII) , and their subsequent 
living polymers, to the appropriate monomer or mixture 
of monomers to form the desired blocks. Copolymers of 
CO, a (cyclo) olefin and a saturated carboxylic acid or 
ester of the formula CH2=CH (CH2) mCOsR^, wherein m is 0 
or an integer of 1 to 16 and' is hydrogen or 
hydrocarbyl or substituted hydrocarbyl, may also be 
made by simultaneously exposing the polymerization 
catalyst or living polymer to these 3 types of 
monomers . 

The polymerizations may be carried out with (II) , 
(III), (IV) or (VII), and other catalyst molecules or 
combinations, initially in the solid state [assuming 
(II) , (III) (IV) or (VII) is a solid] or in solution. 
The olefin and/or cycloolef in may be in the gas or 
liquid state (including gas dissolved in a solvent) . A 
liquid, which may or may not be a solvent for any or 
all of the reactants and/or products may also be 
present. Suitable liquids include alkanes, 
cycloalkanes, halogenated alkanes and cycloalkanes , 
ethers, water, and alcohols, except that when (III) is 
used, hydrocarbons should preferably be used as 
solvents. Specific useful solvents include methylene 
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25 



30 
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chloride,, hexane, COj, chloroform, perfluoro(n- 
butyltetrahydrofuran) (herein sometimes called FC-75) , 
toluene, dichlorobenzene, 2 -ethylhexanol,' and benzene . 

It is particularly noteworthy that one of the 
liquids which can be used in this polymerization 
process with (II), (III), (IV) or (VII) is water, see 
for instance Examples 213-216. Not only can water be 
present but the polymerization «medium" may be largely 
water, and various types of surfactants may be employed 
so that an emulsion polymerization may be done, along 
with a suspension polyinerization when surfactants are 

not employed. 

Preferred olefins and cycloolefins in the 
polymerization using (II), (HD or (IV) are one or 
more of ethylene, propylene, 1- but ene, 1-hexene, 1- 
octene, 1-butene, cyclopentene, 1-tetradecene, and 
norbornene; and ethylene, propylene and cyclopentene 
are more preferred. Ethylene alone is especially 
preferred. 

Olefinic esters or carboxylic acids of the formula 
CH2=CH(CH2)„C02R\ wherein is hydrogen, hydrocarbyl, 
or substituted hydrocarbyl, and m is 0 or an integer of 
1 to 16. It is preferred if hydrocarbyl or 
substituted hydrocarbyl and it is more preferred if it 
is alkyl containing 1 to 10 carbon atoms, or glycidyl . 
It is also preferred if m is 0 and/or R^ is alkyl 
containing 1 to 10 carbon atoms. It is preferred to 
make copolymers containing up to about 60 mole percent, 
preferably up to about 20 mole percent of repeat units 
derived from the olefinic ester or carboxylic acid. 
Total repeat unit units in the polymer 'herein refer not 
only to those in the main chain from each monomer unit, 
but those in branches or side chains as well. 

When using (II), UlD , (IV) or (VII) as a 
catalyst it is preferred that r' and R* are hydrogen, 
methyl, or taken together are 



71 



(An) 



It is also preferred that both and are 2,6- 
diisopropylphenyl , 2 , 6 -dimethylphenyl , 4 -methylphenyl , 
phenyl, 2 , 6 -diethylphenyl , 2 , 4 , 6 -trimethylphenyl and 2- 
t-butylphenyl . When (II) is used, it is preferred that 

is methyl, R^ is methyl or ethyl and R^ is methyl. 
When (III) is used it is preferred that is methyl 
and said Lewis base is R^20/ wherein R^ is methyl or 
ethyl. When (IV) is used it is preferred that R® is 
methyl, n is 3 and R^.^ is hydrogen. In addition in 
Table II are listed all particularly preferred 
combinations as catalysts -for (II) , (III) , (IV) and 
(VII) 
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Table II 



Com- R 
pound 



R^- 



R= 



T^/TV Z 



M 



Type 

(II) 

(II) 

(III) 

(III) 

(II) 

(II) 

(II) 

(II) 

(II) 

(II) 

(II) 

(II) 

(II) 

(II) 
(II) 

(II) 

(II) 



2 , 6-i- 

PrPh 
2, 6-1- 

PrPh 
2,6-i- 

PrPh 
2, 6-i- 
PrPh 
2, 6- 
MePh 
2 , 6- 
MePh 
2, 6-i- 

PrPh 
2 , 6-i- 

PrPh 
2, 6-i- 

PrPh 
2, 6-i- 

PrPh 
2,4,6- 

MePh 
2, 6-i- 

PrPh 
2, 6-i- 
PrPh 

Ph 
2,6- 
EtPh 

2 ,e- 

EtPh 
2-t- 
BuPh 



Me Me 



H H 



Me Me 



H H 



H H 



2, 6-i- 

PrPh 
2, 6-i- 

PrPh 
2, 6-i- 

PrPh 
2, 6-i- 

PrPh 
2 , 6-MePh 



Me OEto Pd BAF 



Me OEt, Pd BAF 



Me OEt, Ni BAF 



Me OEts Ni BAF 



Me OEto Pd BAF 



Me Me 2,6-MePh Me OEta Pd BAF 



Me Me 

Me Me 

Me Me 

H H 

Me Me 

An An 

Me Me 

Me Me 

Me Me 



2, 6-i- 

PrPh 
2 , 6-i- 

PrPh 
2 , 6-i- 

PrPh 
2, 6-i- 

PrPh 
2,4,6- 

MePh 
2 , 6-i- 

PrPh 
2, 6-i- 

PrPh 
Ph 

2, 6-EtPh 



Me OEt2 Pd SbFfi 

Me OEt2 Pd BF4 

Me 0Et2 Pd PFg 

Me OEts Pd SbFg 

Me OEt2 Pd SbFe 

Me OEt2 Pd SbFg 

Me NCMe Pd SbFg 

Me NCMe Pd SbFg 

Me NCMe Pd BAF 



Me Me 2,6-EtPh Me NCMe Pd SbFg 



Me Me 2-t:-BuPh Me NCMe Pd SbFg 
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(II) 


1-Np 


Me 


Me 


1-Np 


Me 


NCMe 


Pd 


SbFc 


(II) 


PhsCH 


H 


H 


PhsCH 


Me 


NCMe 


Pd 


— ^ o 


(II) 


2-PhPh 


Me 


Me 


2-PhPh 


Me 


NCMe 


Pd 


SbFg 


(II) 


Ph 


a 


a 


Ph 


Me 


NCMe 


Pd 


BAF 


(IV) 


2 , 6-i- . 


Me 


Me 


2 , 6-i- 


Me 


b 


Pd 


SbFg 




PrPh 






PrPh 










(IV) 


2, 6-i- 


Me 


Me 


2, 6-i- 


Me 


b 


Pd 


BAF 




PrPh 






PrPh 










(IV) 


2, 6-i- 


H 


H 


2, 6-i- 


Me 


b 


Pd 


SbFe 




PrPh 






PrPh 










(IV) 


2 , 6-i- 


Me 


Me 


2, 6-i- 


Me 


b 


Pd 


B (Cg 




PrPh 






PrPh 








F5)3tf 

1 


(II) 


Ph 


Me 


Me 


Ph 


Me 


NCMe 


Pd 


SbFg 


(VII ) 

V V i J. / 


2 , 6 - i - 


Me 


Me 


2 f 6-i- 


Me 




Pd 


OTf 




PrPh 






PrPh 










(II) 


Ph 


Ph 


Ph 


Ph 


Me 


NCMe 


Pd 


BAF 


(ID 


PhsCH 


H 


H 


. PhsCH 


Me 


NCMe 


Pd 


SbFs 



^ This group is -CMesCHaCMes- 
^ This group is -(CH2)3C02Me 



When using (II) , (III) , (IV) or (VII) the 
temperature at which the polymerization is carried out 
is about -lOO'^C to about +200°C, preferably about 0°C to 
about 150°C, more preferably about 25°C to about 100°C. 
The pressure at which the polymerization is carried out 
is not critical, atmospheric pressure to about 275 MPa 
being a suitable range. The pressure can affect the 
microstructure of the polyolefin produced (see below) . 

Catalysts of the formulas (II), (III), (IV) and 
(VII) may also be supported on a solid catalyst (as 
opposed to just being added as a solid or in solution) , 
for instance on silica gel (see Example 98) . By 
supported is meant that the catalyst may simply be 
carried physically on the surface of the solid support, 
may be adsorbed, or carried by the support by other 
means . 
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When using (XXX) as a ligand or in any process or 
reaction herein it is preferred that n is 2 , all of 
R^°, R^^ and r" are hydrogen, and both of R*"* and r" are 

9-anthracenyl . 

Another polymerization process comprises 
contacting a compound of the formula [Pd (r"C3JJ) 4] X2 or a 
combination of Pd[0C(0)R"]2 and HX, with a compound of 
the foirmula 



10 



20 



25 



30 




and one or more monomers selected from the group 
consisting of ethylene, an olefin of the formula 
15 r"ch=CH2 or R^''ch=CHR^\ cyclopentene , cyclobutene ,^ 

substituted norbornene and norbornene, wherein: r' and 
r^ are each independently hydrocarbyl .or substituted 
hydrocarbyl, provided that the carbon atom bound to the 
imino nitrogen atom has at least two carbon atoms bound 
to it; r' and r" are each independently hydrogen, 
hydrocarbyl, substituted hydrocarbyl or r' and R* taken 
together are hydrocarbylene or substituted 
hydrocarbylene to form a carbocyclic ring; each R^'' is 
independently hydrocarbyl or substituted hydrocarbyl 
provided that R^'' contains no olefinic bonds; r" is 
hydrocarbyl or substituted hydrocarbyl; and X is a 
weakly coordinating anion; provided that when 
norbornene or substituted norbornene is present no 
other monomer is present . 

It is believed that in this process a catalyst 
similar to (II) may be initially generated, and this 
then causes the polymerization. Therefore, all of the 
conditions, monomers (including olefinic esters and 
carboxylic acids), etc., which are applicable to the 
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process using (11) as a polymerization catalyst are 
applicable to this process. All preferred items are 
also the same, including appropriate groups such as R^ 
R^ r\ R^ and combinations thereof. This process 
however should be run so that all of the ingredients 
can contact each other, preferably in a single phase. 
Initially at least, it is preferred that this is done 
in solution. The molar ratio of (VIII) to palladium 
compound used is not critical, but for most economical 
use of the compounds, a moderate excess, about 25 to 
100% excess, of (VIII) is preferably used. 

AS mentioned above, it is believed that in the 
polymerization using (VIII) and [Pd (r"cn) 4I X, or a 
Pd[II] carboxylate a catalyst similar to (II) is 
formed. Other combinations of starting materials that 
can combine into catalysts similar to (II) , (HD . 
(IV) and (VII) often also cause similar 

polymerizations, see for instance Examples 238 and 239. 
Also combinations of a-diimines or other diimino 
ligands described herein with: a nickel [0] or nickel 
[I] compound, oxygen, an alkyl aluminum compound and an 
olefin; a nickel [0] or nickel [I] compound, an acid 
such as HX and an olefin; or an a-diimine Ni [0] or 
nickel [I] complex, oxygen, an alkyl aluminum compound 
and an olefin. Thus active catalysts from a-diimines 
and other bidentate imino compounds can be formed 
beforehand or in the same "pot" (in situ) in which the 
polymerization takes place. In all of the 
polymerizations in which the catalysts are formed in 
situ, preferred groups on the a-diimines are the same 
as for the preformed catalysts. 

In general Ni [0] , Ni [I] or Ni(II) compounds may be 
used as precursors to active catalyst species. They 
must have ligands which can be displaced by the 
appropriate bidentate nitrogen ligand, or must already 
contain such a bidentate ligand already bound to the 
nickel atom. Ligands which may be displaced include 
1,5-cyclooctadiene and tris (o-tolyl) phosphite, which 
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-in NifO] compounds, or 
valence nickel compcunds are beli 

in.o actwe «iCIX, -"^.f;/^/:::: ^l^an o.iai.in. 

Tsircr : a"w::ri;coc.aina.in. an.=n .x->. 

agent and a source o (wherein X is a 

oxldi.ing agents include 
„ea.ly coordinating ' 

oxidising agents. ^our-s of X .nc ^^^^^^ ^^^^^ 

alkylalu^inu™ ^^^^^^ ^^^'^^^ compounds sucl. as HX 

V' As can be seen aoove, s= y' 

ract as .ot. an ^^^^^^^^ I. 
—d rnr rtrratll^st spe^es . si^ilar 

methods. .^v, ;.ti alkyl aluminum compound or 

When contacted with an aiKyx 

HX useful Ni[0] compounds include 



20 




(xxxxin) 



(xxxxiv) or ^'^^^^ 



25 



Ni[Ol compounds are known in the 
...rrr ^o: r^rsLd rLerenoes .or t.e types 

Shown immediately above. 

. (XXXIII) G. van Koten, et ^l'' ^ 

..1 Chem vol. 21, P- 151-239 (1982). 
Organometal . unem . , 
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• (XXXXII) W. Bonrath, et al . , Angew. Chem. 
Int. Ed. Engl., vol. 29, p. 298-300 (1990). 

• (XXXXIV) H. torn Dieck, et al . , Z. 
Natruforsch. , vol. 366, p. 823-832 (1981); andM. 
Svoboda, et al . , J. Organometal , Chem., vol, 191, p. 
321-328 (1980) . 

• (XXXXV) G. van Koten, et al . , Adv. 
Organometal, Chem., vol. 21, p. 151-239 (1982). 

In polymerizations using (XIV) , the same preferred 
monomers and groups (such as R^, R^, R^ , R^ and X) as 
are preferred for the polymerization using (II) are 
used and preferred. Likewise, the conditions used and 
preferred for polymerizations with (XIV) are similar to 
those used and preferred for. (II), except that higher 
olefin pressures (when the olefin is a gas) are 
preferred. Preferred pressures are about 2.0 to about 
20 MPa . (XIV) may be prepared by the reaction of one 
mole of [Pd{R"cN)4] X2 with one mole of (VIII) in 
acetonitrile or nitromethane . 

Novel compound (XIV) is used as an olefin 
polymerization catalyst. In preferred forms of (XIV), 
the preferred groups R^, R^, R^, R^ and X are the same 
as are preferred for compound (II) . 

Another type of compound which is an olefin 
polymerization catalyst are Ti-allyl and Ti-benzyl 
compounds of the formula 



r2 




XXXVII 

wherein M is Ni(II) or Pd(II); R^ and R^ are 
hydrocarbyl or substituted hydrocarbyl , provided that 
the carbon atom bound directly to the imino nitrogen 
atom has at least two carbon atoms bound to it; R^ and 
R^ are each independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl or R^ and R^ taken together are 
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hydrocarbylene or substituted hydrocarbylene to foirm a 
ring; X is a weakly coordinating anion; and A is a 7i- 
allyl or Tt-benzyl group. By a 7i-allyl group is meant a 
monoanionic with 3 adjacent sp^ carbon atoms bound to a 
metal center in an fashion. The three sp^ carbon 
atoms may be substituted with other hydrocarbyl groups 
or functional groups. Typical 7C-allyl groups include 




wherein R is hydrocarbyl: By a 7c-benzyl group is meant 
Ti-allyl ligand in which two of the sp^ carbon atoms are 
part of an aromatic ring. Typical 7i-benzyl groups 
include 




F 



7t-Benzyl compounds usually initiate polymerization 
of the olefins fairly readily eyen at room temperature, 
but 7i-allyl compounds may not necessarily do so. 
Initiation of 7i-allyl compounds can be improved by 
using one or more of the following methods: 

• Using a higher temperature such as about 

80°C. 
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• Decreasing the bulk of the a-diimine ligand, 
such as and being 2 , 6-dimethylphenyl instead of 

2 , 6 -diisopropylphenyl . 

• Making the Ji-allyl ligand more bulky, such 

as using 

rather than the simple n-allyl group itself. 

• Having a Lewis acid present while using a 
functional 7i-allyl or 7i-benzyl group. Relatively weak 
Lewis acids such a triphenylborane , 

tris (pentaf luorophenyl) borane, and tris (3,5- 
trifluoromethylphenyDborane, are preferred. Suitable 
functional groups include chloro and ester. "Solid" 
acids such as montmorillonite may also be used. 

When using {XXXVII ) as a polymerization catalyst, 
it is preferred that ethylene and/or a linear a-olefin 
is the monomer, or cyclopentene, more preferred if the 
monomer is ethylene and/or propylene, and ethylene is 
especially preferred. A preferred temperature for the 
polymerization process using (XXXVII) is about +20°C to 
about 100°C. It is also preferred that the partial 
pressure due to ethylene or propylene monomer is at 
least about 600 kPa.It is also noted that (XXXVII) is a 
novel compound, and preferred items for (XXXVII) for 
the polymerization process are also preferred for the 

compound itself . 

Another catalyst for the polymerization of olefins 

is a compound of the formula 




(XXXVIII) 
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and one or more monomers selected from the group 

consisting of ethylene, an olefin of the formula 

r"ch=CH2 or R^''ch=CHr", cyclobutene, cyclopentene , 

substituted norbornene, and norbornene, 

wherein: r"* and r' are each independently 

hydrogen, hydrocarbyl , substituted hydrocarbyl or R^ 

and r' taken together are hydrocarbylene or substituted 

hydrocarbylene to form a ring; is hydrocarbyl or 

substituted hydrocarbyl, provided that the carbon atom 

bound directly to the imino nitrogen atom has at least 

two carbon atoms bound to it; each r" is independently 

hydrogen, hydrocarbyl, substituted hydrocarbyl, or a 

functional group; W is alkylene or substituted alkylene 

containing 2 or more carbon atoms; Z is a neutral Lewxs 

; base wherein the donating atom is nitrogen, sulfur, or 

oxygen, provided that if the donating atom is nitrogen 

then the pKa of the conjugate acid of that compound 

(measured in water) is less than about 6, or an olefxn 

of the formula R^'cH=CHR^'; each R^' is independently 

20 alkyl or substituted alkyl ; and X is a weakly 

coordinating anion. It is preferred that in compound 

(XXXVIII) that: r" is phenyl or substituted phenyl, and 

preferred substituents are alkyl groups; each R is 

independently hydrogen or alkyl containing 1 to 10 

25 carbon atoms; W contains 2 carbon atoms between the 

phenyl ring and metal atom it is bonded to or W is a 

divalent polymeric group derived from the 

polymerization of R^^CH=CHR^\ and it is especially 

preferred that it is -CH(CH3)CH,- or -C (CH3) ^CH,- ; and Z 

30 is a dialkyl ether or an olefin of the formula 

r^^CH=CHR"; and combinations thereof. W is an alkylene 

group in which each of the two free valencies are to 

different carbon atoms of the alkylene group. 

When W is a divalent group formed by the 

oiVw-rHR^'' and Z is r"ch=CHR^'', the 
35 polymerization of R CH-CHK , ana. 

compound (XXXVIII) is believed to be a living ended 

polymer. That end of W bound to the phenyl ring 

actually is the original fragment from r" from which 
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the ^'bridge" W originally formed, and the remaining 
part of W is foirmed from the olefin (s) R^^CH=CHR^^. In 
a sense this compound is similar in function to 
compound (VI) . 

By substituted phenyl in (XXXVIII) and (XXXIX) is 
meant the phenyl ring can be substituted with any 
grouping which does not interfere with the compound's 
stability or any of the reactions the compound 
undergoes. Preferred substituents in siibstituted 
phenyl are alkyl groups, preferably containing 1 to 10 
carbon atoms . 

Preferred monomers for this polymerization are 
ethylene and linear a-olefins, or cyclopentene , 
particularly propylene, and ethylene and propylene or 
both are more preferred, and ethylene is especially 
preferred . 

It is noted that (XXXVIII) is a novel compound, 
and preferred compounds and groupings are the same as 
in the polymerization process. 

Compound (XXXVIII) can be made by heating compound 
(XXXIX) , 




(XXXIX) 

wherein: and are each independently 
hydrogen, hydrocarbyl , substituted hydrocarbyl or R^ 
and R^ taken together are hydrocarbylene or substituted 
hydrocarbylene to form a ring; R^^ is hydrocarbyl or 
substituted hydrocarbyl, provided that the carbon atom 
bound directly to the imino nitrogen atom has at least 
two carbon atoms bound to it; each R^^ is independently 
hydrogen, hydrocarbyl, substituted hydrocarbyl, or a 
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functional group; r" is alkyl containing 2 to 3 0 
carbon atoms; is alkyl; Z is a neutral Lewis base 
wherein the donating atom is nitrogen, sulfur, or 
oxygen, provided that if the donating atom is nitrogen 
5 then the pKa of the conjugate acid of that compound 
(measured in water) is less than about 6; and X is a 
weakly coordinating anion. Preferred groups are the 
same as those in (XXXVIII) . In addition it is 
preferred that t' contain 1 to 10 carbon atoms, and 
10 more preferred that it is methyl. A preferred 

temperature for the conversion of (XXXIX) to (XXXVIII) 
is about -30°C to about 50°C. Typically the reaction 
takes about 10 min. to about 5 days, the higher the 
temperature, the faster the reaction. Another factor 
15 which affects the reaction rate is the nature of Z. 
The weaker the Lewis basicity of Z, the faster the 
desired reaction will be. 

When (II), (III), (IV), (V), (VII), (VIII) or a 
combination of compounds that will generate similar 
20 compounds, (subject to the conditions described above) 
is used in the polymerization of olefins, cyclolefins, 
and optionally olefinic esters or carboxylic acids, 
polymer having what is believed to be similar to a 
"living end" is formed. This molecule is that from 
25 which the polymer grows to its eventual molecular 
weight. This compound may have the structure 



30 




wherein: M is Ni(II) or Pd(II); and r' are 
hydrocarbyl or substituted hydrocarbyl, provided that 
the carbon atom bound directly to the imino nitrogen 
atom has at least two carbon atoms bound to it; R^ and 
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are each independently hydrogen, hydrocarbyl , 
substituted hydrocarbyl or and taken together are 
hydrocarbylene or substituted hydrocarbylene to form a 
ring; each R^^ is independently hydrogen, alkyl or 
5 -(CH.)„CO.R\- is hydrogen, hydrocarbyl not containing 
olef inic or acetylenic bonds, r" (C=0) - , r"o(C=0)-, or 
-CH.CH,CH.CO.R«; R" is hydrocarbyl not containing 
olefinic or acetylenic unsaturation; P is a divalent 
group containing one or more repeat units derived from 
10 the polymerization of one or more of ethylene, an 
olefin of the formula r"ch=CH. or R^ CH=CHR , 
cyclobutene, cyclopentene. substituted norbornene, or , 
norbornene and, when M is Pd(II). optionally one or 
n.ore compounds of the formula CH.=CH (CH.) .CO.R ; R xs 
15 hydrocarbyl; each r" is independently hydrocarbyl or 

substituted hydrocarbyl provided that any olefinxc bond 
in. said olefin is separated from any other olefmxc 
bond or aromatic ring by a quaternary carbon atom or at 
least two saturated carbon atoms; m is 0 or an integer 
20 from 1 to 16; R^ is hydrogen, or hydrocarbyl or 

substituted hydrocarbyl containing 1 to 10 carbon 
atoms; and X is a weakly coordinating anion; and that 
when M is NidD , R" is not -CO.R« and when M is Pd a 
diene is not present. By an "olefinic ester or 
25 carboxylic acid" is meant a compound of the formula 
CH.=CH(CH,).CO.R\ wherein m and R^ are as defined 

immediately above. 

This molecule will react with additional monomer 
(olefin, cyclic olefin, olefinic ester or olefmic 

30 carboxylic acid) to cause further polymerization^ In 
other words, the additional monomer will be added to P, 
extending the length of the polymer chain. Thus P may 
be of any size, from one "repeat unit" to many repeat 
units, and when the polymerization is over and P is 

35 removed from M, as by hydrolysis, P is essentially the 
polymer product of the polymerization. Polymerizations 
with (VI) , that is contact of additional monomer with 
this molecule takes place under the same conditions as 
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described above for the polymerization process using 
(ID, (HI), (IV), (V), (VII) or (VIII), or 
combinations of compounds that will generate similar 
molecules, and where appropriate preferred conditions 
and structures are the same. 

The group in (VI) was originally the group 
in (II) or (III) , or the group which included in 
(IV) . It in essence will normally be one of the end 
groups of the eventual polymer product. The olefinic 
group which is coordinated to M, R^^CH=CHR^^ is normally 
one of the monomers, olefin, cyclic olefin, or, if 
Pddl) is M, an olefinic ester or carboxylic acid. If 
more than one of these monomers is present in the 
reaction, it may^ be any one of them. It is preferred 
that T^ is alkyl and especially preferred that it is 
methyl, and it is also preferred that R^^ is hydrogen 
or n-alkyl. It is also preferred that M is Pd(II) . 

Another ''form" for the living end is (XVI) . 

(XVI) ^ 




This type of compound is sometimes referred to as a 
compound in the "agostic state". In fact both (VI) and 
(XVI) may coexist together in the same polymerization, 
both types of compound representing . living ends. It is 
believed that (XVI) -type compounds are particularly 
favored when the end of the growing polymer chain bound 
to the transition metal is derived from a cyclic olefin 
such as cyclopentene . Expressed in terms of the 
structure of (XVI) this is when both of R^^ are 
hydrocarbylene to form a carbocyclic ring, and it is 
preferred that this be a f ive-membered carbocyclic 
ring . 
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For both the polymerization process using (XVI) 
and the structure of (XVI) itself, the same conditions 
and groups as are used and preferred for (VI) are also 
used and preferred for (XVI) , with the exception that 
for R^^ it is preferred in (XVI) that both of R^^ are 
hydrocarbylene to form a carbocyclic ring. 

This invention also concerns a compound of the 
formula 



R2 




R5 



(IX) 

wherein: M is Ni(II) or Pd(II); R^ and R^ are 
hydrocarbyl or substituted hydrocarbyl, provided that 
the carbon atom bound directly to the imino nitrogen 
atom has at least two carbon atoms bound to it; R and 
R^ are each independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl or R^ and R^ taken together are 
hydrocarbylene or substituted hydrocarbylene to form a 
ring; each R^^ is independently hydrogen, alkyl or 
[when M is Pd(II) ] - (CH2) xnC02R\- R^ is hydrogen, or 
hydrocarbyl or substituted hydrocarbyl containing 1 to 
10 carbon atoms; is alkyl, -r'°C(0)Or', R^'(C=0)- or 
I^3.5q^ ^^^^ _ . j^i5 hydrocarbyl not containing olefinic 
or acetylenic bonds; R^° is alkylene not containing 
olefinic or acetylenic bonds; R® is hydrocarbyl; and X 
is a weakly coordinating anion. 

(IX) may also be used to polymerize olefins, 
cyclic olefins, and optionally olefinic esters and 
carboxylic acids. The same conditions (except as noted 
below) apply to the polymerizations using (IX) as they 
do for (VI) . It is preferred that M is Pd(II) and T^ 
is methyl. 
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A compound of formula (V) may also be used as a 
catalyst for the polymerization of olefins, cyclic 
olefins, and optionally olefinic esters and/or 
carboxylic acids. In this process (V) is contacted 
with one or more of the essential monomers. Optionally 
a source of a relatively weakly coordinating anion may 
also be present. Such a source could be an alkaln. 
metal salt of BAF or AgX (wherein X is the anion), etc. 
preferably about 1 mole of the source of X, such as 
AgX, will be added per mole of (V) . This wxll usually 
be done in the liquid phase, preferably xn whxch (V) 
and the source of the anion are at least partially 
soluble. The conditions of this polymerization are 
otherwise the same as described above for (II), nil), 
(IV) and (VII) . including the preferred conditions and 

ingredients. 

in polymerizations using (XX) as the catalyst, 

a first compound which is a source of a relatively 
noncoordinating monoanion is present. Such a source 
can be an alkali metal or silver salt of the monoanion. 



R2 



25 



30 



(XX) 

It is preferred that the alkali metal cation is sodium 
or potassium. It is preferred that the monoanion is 
SbF.-, BAF, PF.-. or BF." , and more preferred that it is 
BAF It is preferred that T^ is methyl and/or S is 
chlorine . All other preferred groups and conditions 
for these polymerizations are the same as for 
polymerizations with (II) - 

In all of the above polymerizations, and the 
catalysts for making them it is preferred that R and 
if present, are 2 , 6 -diisopropylphenyl and R and R 
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are hydrogen or methyl. When oyclopentene is 
:rxyn,eri/ed, is preferred that H= and R= (if present, 
Le ...-di^ethylphenyl or = ■ ^ • ^""^-^•'f ^^^-^^ 
that and taken together are An. R , R . R and R 
5 and other groups herein may also be substituted 

hydrocarby!. As previously defined, the subst.tuent 
groups in substituted hydrocarbyl groups (there may be 
one or more substituent groups) should not 
substantially interfere with the polymerization or 
,0 other reactions that the compound is -^-^oing^ ^ 
Whether a particular group will inter ere '^^^ 
judged from the artisans general knowledge and the . 
particular polymerization or other reaction that rs 
involved. For instance, in polymerizatrons "here an 
,5 alkyl aluminum compound is used may not be compatible 
witi the presence of groups containing an active 
UeLtively acidic, hydrogen atom, such as hydroxyl or 

carboxyl because of the J/;;;:;;4:r:Ltaining 
aluminum compounds with such active y y 
20 groups (but such polymerizations may be P-^^^^ 

Lough -extra" alkyl aluminum compound is added to 
reL! with these groups, . However, in very similar, 
Tolylerizations where alkyl aluminum compounds are not 
ifZm. these groups containing active hydrogen may be 
25 present. Indeed many of the polymerization processes 
described herein are remarkably ^^^^^^ 
presence of various functional groups. ^-''^^l^^^^ 
most important considerations as to the operability of 
most imp particular functional group 

compounds containing any particuia n„„ „f the 

30 are the effect of the group on the coordination of the 
Ttal atom (if present,, and side reaction of the group 
:!th other process ingredients (such as noted above . 
Therefore of course, the further away from ^'^^ -^^^ 
atom the functional group is, the less likely 
35 influence, say, a polymerization. If there is doubt as 
to whether a particular functional group, in a 
particular position, will affect a — ^^^^^^ 
minimal experimentation will provide the requisite 



S8 



W 

m 
Si 
w 



answer. Functional groups which may be present xn R , 
T R\ and other similar radicals herein xnclude 
hydroxy, ;alo (fluoro, chloro, bromo and iodo) ether, 
^ster, dialKylamino, carboxy, oxo (.eto and aldehyo) , 
5 nitro, amide, thioether, and- imino. Preferred 
functional groups are hydroxy, halo, ether and 

dialkylamino . 

Also in all of the polymerizations, the 
(cyclo, Olefin may be substituted hydrocarbyl . Suitable 
,0 lubstituants include ether, >.etc, aldehyde, ester. 

carboxylic acid. 
D in all of the above polymerizations, with the 

. exceptions -noted below, the following 

produce the corresponding homo- or -^^^^^^^CZ. and 
15 preferred to be used: ethylene; propylene; ethylene 
propylene; ethylene and an a-olefin; - a-olef in 
Ethylene and an alkyl acrylate, especially methyl 
tcrvlate- ethylene and acrylic acid; ethylene and 
acrylate, etny monoxide and an 

carbon monoxide; ethylene, a> . „.rhvl 

„,n„ acid, especially methyl 

■>n acrylate ester or acrylic acia, ==f 
2U acryia .iwl acrylate, especially 

acrylate; propylene and alkyl acryia , h 
metlyl acrylate, cyclopentene ; cyclopentene and 
ethylene- cyclopentene and propylene. Monomers which 
:::tr a cLboll group, including esters carboxylic 
25 acids carbon monoxide, vinyl ketones, etc., can be 
rized With PdUX. containing catalysts herein 
^itfthe exception of those that require the presence 
of a neutral or cationic Lewis acid or cationic 
Bronsred acid, which is usually called the .first 
30 compound" in claims describing such polymerization 

^''""Z'ther useful -monomer" for these polymerization 

tis a C. refinery catalytic cracker stream, 

processes is a C4 rei-xncj-jr ^ ^ ^ 

^ ' ^ m-ivi-nr-f^ of n-butane, 
which will often contain a mixture ot n 

, X. 1 i->,it-*»r\e 2-butenes and smaxJ. 

35 isobutane. isobutene, 1-butene, ^ ou referred 

J • TV.-! <a i-vT3e of stream is reterrea 

amounts of butadiene. This type ot 

to herein as a "crude butenes stream" . This stream 
"ay act as both the monomer source and "solvent" for 
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the polymerization. It is preferred that the 
concentration of 1- and 2-butenes in the stream be as 
high as possible, since these are the preferred 
compounds to be polymerized. The butadiene content 
should be minimized because it may be a polymerization 
catalyst poison. The isobutene may have been 
previously removed for other uses . After being used in 
the polymerization (during which much or most of the 1- 
butene would have been polymerized) , the butenes stream 
can be returned to the refinery for further processing . 

In many of the these polymerizations certain 
general trends may be noted, although for all of these' 
trends there are exceptions. These trends (and 
exceptions) can be gleaned from the Examples. 

Pressure of the monomers (especially gaseous 
monomers such as ethylene) has an effect on the 
polymerizations in many instances. Higher pressure 
often affects the polymer microstructure by reducing 
branching, especially in ethylene containing polymers. 
This effect is more pronounced for Ni catalysts than Pd 
catalysts. Under certain conditions higher pressures 
also seem to give higher productivities and higher 
molecular weight. When an acrylate is present and a Pd 
catalyst is used, increasing pressure seems to decrease 
the acrylate content in the resulting copolymer. 

Temperature also affects these polymerizations. 
Higher temperature usually increases branching with Ni 
catalysts, but often has little such effect using Pd 
catalysts. With Ni catalysts, higher temperatures 
appear to often decrease molecular weight. With Pd 
catalysts, when acrylates are present, increasing 
temperature usually increases the acrylate content of 
the polymer, but also often decreases the productivity 
and molecular weight of the polymer. 

Anions surprisingly also often affect molecular 
weight of the polymer formed. More highly coordinating 
anions often give lower molecular weight polymers . 
Although all of the anions useful herein are relatively 
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weakly coordinating, some are more strongly 
coordinating than others. The coordinating ability of 
such anions is known and has been discussed in the 
literature, see for instance W. Beck., et al . , Chem. 
Rev., vol. 88 p. 1405-1421 (1988), and S. H. Strauss, 
Chem'. Rev., vol. 93, p. 927-942 (1993), both of which 
are hereby included by reference. The results found 
herein in which the molecular weight of the polymer 
produced is related to the coordinating ability of the 
anion used, is in line with the coordinating abilities 
of these anions as described in Beck (p. 1411) and 
Strauss (p. 932, Table II) . ' 

In addition to the "traditional" weakly 
coordinating anions cited in the paragraph immediately 
above, heterogeneous anions may also be employed. In 
these cases, the true nature of the counterion is 
poorly defined or unknown. Included in this group are 
MAO, MMAO and related aluminoxanes which do not form 
true solutions. The resulting counterions are thought 
to bear anionic aluminate moieties related to those 
cited in the paragraph immediately above. Polymeric 
anionic materials such as Nafion" polyf luorosulf onic 
acid can function as non- coordinating counterions. In 
addition, a wide variety of heterogeneous inorganic 
materials can be made to function as non- coordinating 
counterions. Examples would include aluminas, silicas, 
silica/aluminas, cordierites, clays, MgCls, and many 
others utilized as traditional supports for Ziegler- 
Natta olefin polymerization catalysts. These are 
generally materials which have Lewis or Bronsted 
acidity. High surface area is usually desired and 
often these materials will have been activated through 
some heating process. Heating may remove excess 
surface water and change the surface acidity from 
Bronsted to Lewis type. Materials which are not active 
in the role may often be made active by surface 
treatment. For instance, a surf ace-hydrated silica, 
zinc oxide or carbon can be treated with an 
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organoaluminum compound to provide the required 
functionality. 

The catalysts described herein can be 
heterogenized through a variety of means. The 
5 heterogeneous anions in the paragraph immediately above 
will all serve to heterogenize the catalysts. 
Catalysts can also be heterogenized by exposing them to 
small quantities of a monomer to encapsulate them in a 
polymeric material through which additional monomers 
10 will diffuse. Another method is to spray-dry the 

' catalyst with its suitable non- coordinating counterion 
onto a polymeric support. Heterogeneous versions of 
the catalyst are particularly useful for running gas- 
phase polymerizations ^ The catalyst is suitably 
15 diluted and dispersed on the surface of the catalyst 
support to control the heat of polymerization. When 
applied to f luidized-bed polymerizations, the 
heterogeneous supports provide a convenient means of 
catalyst introduction. 
20 Anions have been found to have another unexpected 

effect. They can effect the amount of incorporation of 
an acrylic monomer such as an ester into an 
olef in/acrylic copolymer. For instance it has been 
found that SbFg" anion incorporates more fluorinated 
25 alkyl acrylate ester into an ethylene copolymer than 
BAF anion, see for instance Example 302. 

Another item may effect the incorporation of polar 
monomers such as acrylic esters in olefin copolymers. 
It has been found that catalysts containing less bulky 
30 a-diimines incorporate more of the polar monomer into 
the polymer (one obtains a polymer with a higher 
percentage of polar monomer) than a catalyst containing 
a more bulky a-diimine, particularly when ethylene is 
the olefin comonomer. For instance, in an a-diimine of 
35 formula (VIII), if and are 2 , 6-dimethylphenyl 

instead of 2 , 6 -diisopropylphenyl , more acrylic monomer 
will be incorporated into the polymer. However, 
another common effect of using a less bulky catalyst is 



92 



to produce a polymer with lower molecular wexght . 
Therefore one may have to make a compromise between 
polar monomer content in the polymer and polymer 

molecular weight. ^ 

When an olefinic carboxylic acid is polymerized 
into the polymer, the polymer will of course contain 
carboxyl groups. Similarly in an ester containing 
polymer, some or all of the ester groups may be 
hydrolyzed to carboxyl groups (and vice versa) 
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10 carboxyl groups may be partially or completely 

converted into salts such as metallic salts. Such 
polymeric salts are termed ionomers . lonomers are ; 
useful in adhesives, as ionomeric elastomers, and as 
molding resins. Salts may be made with ions of metals 
15 such as Na, K, Zn, Mg, Al , etc. The polymeric salts 
may be made by methods known to the artisan, for 
instance reaction of the carboxylic acid containing 
polymers with various compounds of the metals such as 
bases (hydroxides, carbonates, etc.) or other 
20 compounds, such as acetylacetonates . Novel P°l^-- 
that contain carboxylic acid groups herein, also form 
novel ionomers when the carboxylic acid groups are 
partially or fully converted to carboxylate salts. 

When copolymers of an olefinic carboxylic acid or 
olefinic ester and selected olefins are made, they may 
be crosslinked by various methods known in the art, 
depending on the specific monomers used to make the 
polymer. For instance, carboxyl or ester containing 
polymers may be crosslinked by reaction with diamines 
30 to form bisamides. Certain functional groups which may 
be present on the polymer may be induced to react to 
crosslink the polymer. For instance epoxy groups 
(which may be present as glycidyl esters) may be 
crosslinked by reaction of the epoxy groups, see for 

35 instance Example 135. 

' It has also been found that certain fluorinated 
olefins, some of them containing other functional 
groups may be polymerized by nickel and palladium 
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catalysts. Note that these fluorinated olefins are 
included Within the definition of H.C-am , "''"-^ 
can be considered to be substituted hydrooarbyl, the 
substitution being fluorine and possibly other 
substituents. Olefins which .ay be polyn,er.zed include 
H,C=CH(CH,,.R.R" Wherein a is an integer of l^^ l'' J' 
is perf luoroalkylene optionally, contarnrng one or more 
ether groups, and r" is fluorine or a functronal 
group suitable functional groups include hydrogen, 

• ^ -i^^-ir.*:- ester, sulfonic acia {- 

chlorine, bromine or iodine, ester, 

SOH) and sulfonyl halide. Preferred groups for R 
i°-lude fluorine, ester, sulfonic acid, and sulfonyl , 
fluoride. A sulfonic acid group containing monomer 
does not have to be polymerized directly. It is 
,5 preferably made by hydrolysis of a 

group already present in an already made ^^V^-^ J^ 
is preferred that the perf luoroalkylene group contain 
to 20 carbon atoms and preferred perf luoroalkylene 
groups are -(CF=).- wherein b is 2 to 20, and - 
(CF ).OCF.CF,- "herein d is 2 to 20. A preferred 
llefinic colonomer is ethylene or a linear 
L ethylene is especially preferred. Polymerizations 
Zl be carried out with many of the catalysts described 
herein, see Examples 284 to 293. 

AS described herein, the resulting fluorinated 
polymers often don't contain the expected °^ 
Lal^hing, and/or the lengths of the branches present 
are not those expected for a simple vinyl 
polymerization. 
30 The resulting polymers may be useful for 

compatibilizing fluorinated and nonf luorinated 
pollers, for changing the surface characterxstxcs of 
f lul^inated or nonf luorinated polymers (by be.ng mxxed 
with them), as molding resins, etc. Those P°^^-^ 
35 containing functional groups may be useful where those 
functional groups may react or be catalysts. For 
instance, if a polymer is made with a sulfonyl fluorxde 
group (r" is sulfonyl fluoride) that group may be 
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hydrolyzed to a sulfonic acid, which being highly 
fluorinated is well known to be a very strong acid. 
Thus the polymer may be used as an acid catalyst, for 
example for the polymerization of cyclic ethers such as 
tetrahydrof uran . 

In this use it has been found that this polymer is 
more effective than a completely fluorinated sulfonic 
acid containing polymer. For such uses the- sulfonic 
acid content need not be high, say only 1 to 20 mole 
percent, preferably about 2 to 10 mole percent of the 
repeat units in the polymer having sulfonic acid 
groups. The polymer may be crosslinked, in which case ; 
it may be soluble in the medium (for instance 
tetrahydrofuran) , or it may be crosslinked so it 
swollen but not dissolved by the medium. Or it may be 
coated onto a substrate and optionally chemically 
attached and/or crosslinked, so it may easily be 
separated from the other process ingredients. 

One of the monomers that may be polymerized by the 
above catalysts is ethylene (E) , either by itself to 
form a homopolymer, or with a-olefins and/or olefinic 
esters or carboxylic acids. The structure of the 
polymer may be unique in terms of several measurable 
properties . 

These polymers, and others herein, can have unique 
structures in terms of the branching in the polymer. 
Branching may be determined by NMR spectroscopy (see 
the Examples for details) , and this analysis can 
determine the total number of branches, and to some 
extent the length of the branches. Herein the amount 
of branching is expressed as the number of branches per 
1000 of the total methylene (-CH^-) groups in the 
polymer, with one exception. Methylene groups that are 
in an ester grouping, i.e. -CO,R, are not counted as 
part of the 1000 methylenes. These methylene groups 
include those in the main chain and in the branches. 
These polymers, which are E homopolymers , have a branch 
content of about 80 to about 150 branches per 1000 
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methylene groups, preferably about 100 to about 13 0 
branches per 1000 methylene groups. These branches do 
not include polymer end groups. In addition the 
distribution of the sizes (lengths) of the branches is 
unique. Of the above total branches, for every 100 
that are methyl, about 30 to about 90 are ethyl, about . 
4 to about 2 0 are propyl, about 15 to about 5 0 butyl, 
about 3 to about 15 are amyl, and about 30 to about 140 
are hexyl or longer, and it is preferred that for every 
100 that are methyl, about 50 to about 75 are ethyl, 
about 5 to about 15 are propyl, about 24 to about 40 
are butyl, about 5 to 10 are amyl, and about 65 to 
about 120 are hexyl or larger. These E homopolymers 
are often amorphous, although in some there may be a 
small amount of crystallinity . 

Another polyolefin, which is an E homopolymer that 
can be made by these catalysts has about. 2 0 to about 
15 0 branches per 10 0 0 methylene groups, and, per 10 0 
methyl groups, about 4 to about 20 ethyl groups, about 

1 to about 12 propyl groups, about 1 to about 12 butyl 
group, about 1 to about 10 amyl groups, and 0 to about 
20 hexyl or larger groups. Preferably this polymer has 
about 4 0 to about 100 methyl groups per 10 0 0 methylene 
groups, and per 100 methyl groups, about 6 to about 15 
ethyl groups, about 2 to about 10 propyl groups, about 

2 to about 10 butyl groups, about 2 to about 8 amyl 
groups, and about 2 to about 15 hexyl or larger groups. 

Many of the polyolefins herein, including 
homopolyethylenes , may be crosslinked by various 
methods known in the art, for instance by the use of 
peroxide or other radical generating species which can 
crosslink these polymers. Such crosslinked polymers 
are novel when the uncrosslinked polymers from which 
they are derived are novel, because for the most part 
the structural feature (s) of the uncrosslinked polymers 
which make them novel will be carried over into the 
crosslinked forms. 
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In addition, some of the E homopolymers have an 
exceptionally low density, less than about 0.86 g/mL, 
preferably about 0.85 g/mL or less, measured at 25°C. 
This density is based on solid polymer. 

Homopolymers of polypropylene (P) can also have 
unusual structures. Similar effects have been observed 
with other a-olefins (e.g. 1-hexene) . A '^normal" P 
homopolymer will have one methyl group for each 
methylene group (or 1000 methyl groups per 1000 
methylene groups) , since the normal repeat unit is - 
CH{CH3)CH2-. However, using a catalyst of formula (I) 
in which M is Ni(II) in combination with an alkyl 
aluminum compound it is possible to produce a P 
homopolymer with about 40 0 to about 6 00 methyl groups 
per 1000 methylene groups, preferably about 450 to 
about 550 methyl groups per 1000 methylene groups. 
Similar effects have been observed with other a-olefins 
(e.g. 1-hexene). 

In the polymerization processes described herein 
olefinic esters and/or carboxylic acids may also be 
present, and of course become part of the copolymer 
formed. These esters may be copolymerized with one or 
more of E and one or more a-olefins. When 
copolymerized with E alone polymers with unique 
structures may be formed. 

In many such E/olefinic ester and/or carboxylic 
acid copolymers the overall branching level and the 
distribution of branches of various sizes are unusual. 
In addition, where and how the esters or carboxylic 
acids occur in the polymer is also unusual. A 
relatively high proportion of the repeat units derived 
from the olefinic esters are at the ends of branches. ^ 
In such copolymers, it is preferred that the repeat 
units derived from the olefinic esters and carboxylic 
acids are about 0.1 to 40 mole percent of the total 
3-epeat units, more preferably about 1 to about 2 0 mole 
percent. In a preferred ester, m is 0 and is 
hydrocarbyl or substituted hydrocarbyl . It is 
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preferred that is alkyl containing 1 to 20 carbon 
atoms, more preferred that it contains 1 to 4 carbon 
atoms, and especially preferred that is methyl. 

One such preferred dipolymer has about 6 0 to 100 
5 methyl groups (excluding methyl groups which are 

esters) per 1000- methylene groups in the polymer, and 
contains, per 100 methyl branches, about 45 to about 
65 ethyl branches, about 1 to about 3 propyl branches, 
about 3 to about 10 butyl branches, about 1 to about 3 
10 " amyl branches, and about 15 to about 25 hexyl or longer 
• branches. In addition, the ester and carboxylic acxd 
containing repeat units are often distributed mostly at 
the ends of the branches as follows- If the branches, 
and the carbon atom to which they are attached to the 
15 main chain, are of the formula -CH (CH,) „CO,r\ wherexn 

the CH is part of the main chain, then in some . of these 
polymers about 40 to about 50 mole percent of ester 
groups are found in branches where n is 5 or more, 
-about 10 to about 20 mole percent when n is 4 , about 20 
20 to 3 0 mole percent when n is 1, 2 and 3 and about 5 to 
about 15 mole percent when n is 0. When n. is 0, an 
acrylate ester has polymerized "normally" as part of 
the main chain, with the repeat unit -CH^-CHCOaR -- 

These branched polymers which contain olefin and 
25 olefinic ester monomer units, particularly copolymers 
of ethylene and methyl acrylate and/or other acrylic 
esters are particularly useful as viscosity modifiers 
for lubricating oils, particularly automotive 

lubricating oils. 

30 Under certain polymerization conditions, some of 

the polymerization catalysts described herein produce 
polymers whose structure is unusual, especially 
considering from what compounds (monomers) the polymers 
were made, and the fact that polymerization catalysts 

35 used herein are so-called transition metal coordination 
catalysts (more than one compound may be involved m 
the catalyst system, one' of which must include a 
transition metal) . Some of these polymers were 
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described in a somewhat different way above, and they 
may be described as "polyolef ins" even though they may 
contain other monomer units which are not olefins 
(e g., olefinic esters) . In the polymerization of an 
unsaturated compound of the formula H.C=CH (CH,) eG, 
wherein e is 0 or an integer of 1 or more, and G xs 
hydrogen or -CO.r\ the usual ("normal") polymeric 
repeat unit obtained would be -CH.-CH [ (CH.) eG] - . wherexn 
the branch has the formula -(CH.)eG- However, with some 
of the instant catalysts a polymeric unit may be -CH,- 
CH[(CH,).G]-, wherein f ^ e, and f is 0 or an integer 
of 1 or more. If f<e, the "extra" methylene groups may 
be part of the main polymer chain. If f>e (parts of) 
additional monomer molecules may be incorporated xnto 
that branch. In other words, the structure of any 
polymeric unit may be irregular and different for 
monomer molecules incorporated into the polymer, and 
the structure of such a polymeric unit obtained could, 
be rationalized as the result of "migration of the 
active polymerizing site" up and down the polymer 
chain, although this may not be the actual mechanism. 
This is highly unusual, particularly for 

polymerizations employing transition metal coordinatxon 
catalysts. 

For "normal" polymerizations, wherein the 
polymeric unit -CH,-CH [ (CH^) ^G] - is obtained, the 
theoretical amount of branching, as measured by the 
number of branches per 1000 methylene (-CH3-) groups 
can be calculated as follows which defines terms 
"theoretical branches" or "theoretical branching" 
herein: 

Theoretical branches = moO'Toff^l mo^e fmr-tion of o , -ole£ i na 

{[j;(2«nole fraction e=0) ] + tE (mole fraction a-olef in.e) 1 ) 

in this equation, an a-olefin is any olefinic compound 
H2C=CH(CH2)eG wherein e^O . Ethylene or an acrylic 
compound are the cases wherein e=0 . Thus to calculate 
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..e nu^« c. ----- — :,"3: -n:.:::: 

,.o™ so .ole -"«";/;:f,nercenl .ethyl S-heptenoa.e 

propylene (e=l) and 20 mole p 
(e=4) would be as follows: 

238 (branches/ 1000 methylenes) - 

T nnn«Q .5 • 

Theoretical branches = 

J 1,2.0. 5)1*1(0. 30.X)*(0. 20.4)1) 

T J =n of the methylene 

the actual amount of '^'^"f ^^an the above 

is considerably S^^^^"^" „culd indicate. For 

theoretical branch.-^^^^^^^^^^ - ^''^f 

instance, when an ethy ^^^^ ^^^^ 3U^h 

..ould be no /;;,;tr;..y„eri.ed, the 

^„„,hes. «hen an "-l^^^" ^.^^er than the 

branching level may be much lower ^^^^^^^ ^^^^ 

0 theoretical branching level It P^^^ 

actual branching preferably about 80% 

theoretical branching ■ ^^^^^.^ ,,,,,, cr 1X0% or 

less of the '—-:^^;;,:rng level, more 
„ore of the theoretical '^-^^J'^/ theoretical 
,3 preferably about 1.0% or more of ^^^^ ^^^^ ^^^^ 

branching level^ The P J"^^^ ^^^ts, preferably 

about 50 branches per ^nits. and more 

about 75 branches P« ""^^ ,oOO methylene units. 

. preferably about 100 -J-f -/^^^^^ theoretically 
3„ „ eases where there ar .^^^^ ^^^^^ .^polymers with 
present, as rn ^^^y percentage cannot be 

acrylics, excess branches a P iy„er has 50 or 

calculated. In that . 1000 methylene 

more, preferably 75 or more branches p 

>ia<? excess branches (i.e. m ^ 
35 groups, it has exces 

which f>0) . 3t two branches of 

These polymers also have ^^^^^ 
different lengths containing less than 
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,,,, „ By .his is .ean. that branches of at least two 

/i noths (i e. number of carbon atoms), and 
different lengths U.e. present in the 

^ i-vian 6 carbon atoms, are pic= 

polymer. For branches. 

Twi^naer-ooa Lo. the a.ove discussion, 
AS will be un necessarily 
the lengths of the /^J „<,no.ers used 

correspond to the original sizes ^^.^^ 

• ""^-^ :rtf thrrresT. — 

do not correspond to the s ™sent »in excess". 

. used and/or a ----/f.^rarrre -anches o. a , 
By ..in excess., is meant there ^^^^^^ 

particular --^^^/"/^.t .ranch length in the 
„.ich -"-P°f;^^;;^;Tn the copolymeri.ation of 7S 
polymer. For instance, percent 1-butene it 

„ole percent -'^y/-; ^^J^ ethyl 
„ould be expected t.at ther ^^^^^^ ^^^^ ^^^^^ 

branches per 1000 metny 

„ere more ethyl -/^f ^. retiral' branLing . There 
. excess compared^to the th ^^^^ ^^^^^^ ^^^^^^^^ 

™ay also be a branches per 1000 

there were l-^^^-^^^^^ ^^^^ ,,ere would be a 
.ethylene --"^^^^ ^/^^ty^erfhave SO. or less or 1X0. 
aeficit. ,,ount of any branch length 

5 or more of the theoretioa e.^ally preferred 

present in the polymer, and ^ ^ ^ 

i£ these branches are about 80. or les 

« t-haoretical amount of any brancn i y 

or more of the theore ^^^^^ ethylene/2S mole 

in the case of the 75 m P ^^^^^ 

>„ percent :hrie the 110. would be about 

ethyl branches or l^^^' " g^^h polymers may also or 

,33 ethyl so brancCs per 1000 

^vrlusively contain at lease ou ' ^ ^ 

ZZln. Itoms With lengths which shou . n 

33 theoretically (as ^^^l^'^^^^^^^^^ of 
These polymers also have at le 
different lengths containing less than 6 car 
By this is meant that branches of at 
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. ■lor.oths (i e nutnber of carbon atoms), and 
different lengths U-e. ™sent in the 

• than 6 carbon atoms, are present 

r nlLnca ... Pdv^e. co„.ain ethyl 

and^utyl l,ra„ches, or .athyl and amy! 

rry:::3^":r-orer:"^ 

Lerein a is an .n.e,e. . ^ «;-:„7,„,, 
..ordination p0xy.ar.3a . on .0 ^^^^ ^^^^^^^ 

0 often |„„, poXy^era produced 

.he „ethyX branches comprise about , 

herein are noveX becau ,^ ^^^^^^ 

t^ers a;e Lscribed in Examples X3.. 1". 
such poxy^ers are ^^^^^^^ ^^^^^^^ 

1 because in addition to having a high percentage 

novel because xn ^ t-otal branches 

(25-75%) of methyl branches (of the total br 

Mnt they also contain linear branches of the 
present) they ^ _^ .^^^^^^ 

structure -(CH2)nH wne ^^^^^ibed in Examples 139, 

1 v^^r^ause in addition to having a high 
are novel because -lh 

^95 15'-) Of methyl branches (of the total 
percentage (25-75 = ) oi i j' structure 
^^rnhi thev also contain the struccuic 
branches present) , they a ^j^^^ be 

25 (XXVI) , preferably in amounts greater ^ 

for bv end groups, and more preferaDiy 
accounted for by eg ^ ^^^^^^^^ ^^^^^^ 

^ greater than 0.5 (XXVI) g P h accounted for 

' groups in the polymer greater than can be 

by end groups . 
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CH3 

-CH2-CH-(CH2)aH (XXVI) 
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Normally, homo- and copolymers of one or more 

n V, olefins of the formula CH2=CH (CH^) aH wherein a is 
alpha-olef ms or tne polymer 
an integer of 2 or more contain as part of P 
backbone the structure (XXV) 
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rroH" L k- are -<C„..,H. However, in certain 
both o£ R v,^T-ein about 2 mole 

..e.e P°^V.-^ -X:f,r^ :^r; ^^Xe percent or 
percent or more, P^*^';''^ ^^^^ percent or more 

„ore and more ^"^-^^^^^"tn said polymer consists 
of the total amount of (XXV) ^ ^^^^^^ . 

of the structure where one of R a ^^^^^^^^^^ 
g^oup and the other rs an al^l 9 P ^^^^^ 
„ore carhon atoms^ JJ/.^T^^^e ,XXV, may occur in 
,„,^„s . ^n the polymer backbone . 

side chains as well i3c NMR. The signal 

Structure (XXV, can he ^--"^ ^^^^ .^tween the 

for the carbon atom of ^^"^ 7 ^^^^^^ r^c 

two methine carbons in (XXV) J' 3, ^ 

^ Q 44 0 ppm when one of R ana 
^ at 41.9 to P^ ^i^yi group containing 

methyl group and ^^^^ ^oth R3S and r" 

two or more carbon atoms, whi 
contain 2 or more carbon atoms signa 
"■-•^Viene "-on atom occurs t 33^S^t^^^ ^^^^^ 
integration provides the "^^^ 
5 structures present in the P°^^^'- "^^^^^ these 
^ ..terfering ---^^^jrcLr ^ r total 

':t:::is1rgr co^r riues for structure (XXV, . 
xntegrais co a-i- T,^«r-c! of one or more 

normally, homo- and ^''^"Tl^i^ n , 

,0 alpha-olefins of the '"^^^ "^^f;™^; made by 
an integer of 2 or more - the 

coordination P--eri.ation^on ain . ^par 

polymer bac).bone --"^^ ^J! , „.ead to 

2. When n IS 0, this stru structure is 

35 head., polymerisation. «hen ^^^l ^'J^^i;^^ „ ,3 

termed ..head to tail.. PolV^^^^f^^^ . polymerization, 
this structure is termed .'tail to tail P 
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.est such polymers o£ aXpha-ol.flns of '^^^ 
especially those produced by =9ord.nat.on-t:^e 

. X v,«i-v, of r37 and are -{CHzJati- 

p.l,™eri™s. -th of^.^^ °< alpha-olefins of this 
However some ot tne p y 

formula described herein are novel - -'^^^^^^f^ 
contain structure (XXIV, where.n n - a R 
group, and R^s is an alkyl group «rth 
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R37 R38 

— CH— (CH2)n-CH— 



Normally polyethylene made by — ^^-^^^^^^ 

■ vor, has a linear backbone with either no 
polymerization has a Im branches. Some 

branching, or small ^--ts o^ 

of the polyethylenes ^^^^^^^^^f^^^^ a methine 

TrLrtL:-^^^^^ — — 



CH3 

-CH2-CH-CH2CH3 (xxvii) 



Normally, polypropylene made by ^^^^'^"^ 
■ Hon has methyl branches and few if any 
polymerization has me y polypropylene s 

branches of other sizes contain one 

described herein are unusual m that th y 

or both of the structures (XXVIII) and (XXIX) . 



CH3 

CH2 

_^H— (XXVIII) 
CH3 

— CH2CH2-CH-CH3 (XXIX) 
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AS the artisan understands, in coordination 
P--ri.ation -^--"^o le'^or; poiv^er chain 
^T.Tlf.T^^^ --iiV these insertion steps 
Tead ; i:l Enchainment or ...-enchainment of the 
ler Both of these fundamental steps form a - 
monomer. Botn o catalysts herein, 

(CH,)«H branch. However, wxth some cataiys 

4= 4-v,e initial product of 1 , 2 insertion 
some of the initial p coordinated metal atom to 

rearrange by migration of the coordi .^^^^^ion 

^ ^4= last inserted monomer before mse 

the end of the . last results in omega. 2- 

r,-F additional monomer occurs. This 
of adoitioxici methvl branch, 

enchainment and the formation of a methyl 



polymer-M + CH 2=CH(CH 2)9^ 



1 .2 insertion 



15 



20 



CH2 
I 

polymer'^ ^(CH2)a*^ 

1 2-enchatnment 
-(CH2)aH branch 



CH3 
CH, 



rparranflement ^ polymer ^ (CH2)aM 



(0,2-encliainment 
-CH3 branch 



T1- is also known that with certain other 

It IS also .^^^ ^ insertion 

catalysts so.eo. the in. ^^^^^^^^^ 

can rearrange in a simi ^ ^^^^ inserted 

::rer1h:r:isri:: Ua.-enchainment and no 

branch is formed. 



polymer-M + CH2=CH(CH2)aH 



2,1 insertion 



25 



I 



polymer^^^/CH_^^^^^^^ 

2,1 -enchainment 
-(CH2)aH branch 



rearrangement ^ polymer^ 



^(CH2)aM 



©,1 -enchainment 
no branch 



Of the four types of alpha-olefin encharnment, 
omega, 1-enchainment is uni<iue in that it does not 
^ILlte a branch. In a polymer made from an alpha- 
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of branches per 1000 methylene groups (B) 

expressed as: x ^ v n (a + 2) ] 

B = (1000) (l-X.,x)/[(l-X<o,x)a - X«,x(a 2)J 
. X is the fraction of omega, 1- enchainment 
where X©,! is aives • 

solving this expression for X^o.x g^ves . 

V , - (1000 - aB)/(1000 + 2B) 

' -^^^^ a means of calculating the 

This equation provides a means ^ „f a 

Similar a^ations can ' ,..ethyX-x- 

olefins. For example, the equ 

m pentene is^: _ .^./j^oOO". 2B, 

5! " polymers of alpha-olef Ins ma^ .y o-e^ 

W ooor..na..on -^--.ation me.h^^^^^^^^^^ 

b omega, 1- enchainment. ^""^ ^ counts (say >5%) 

.^escribed >^-ein have unusually lar9 ^^^^^^^ 

of omega, l-enchamment. In esse 

stating that a polymer made ^-""^"^ ^^"^f^ . ^^^hough 

less than the — ^^^^scr bed herei! give 
„any of the polymerrzatrons descr ^^^^^^^ ^^^^ 

substantial ^J/^, , ^s surprisingly 

enchainment of o ef rn^ a-diimine ligands of 

been found that unsyuuin= 

. ^^n=>nv hicrh amounts ot co , x 

formula ^V-X) .^ve e-^^^^ ,s ,,enyl. 

enchainment^ In part-u ^^^^^^^^^^ ^^^^ ^ 

and one or both of these ^^^^ the 2 and 6 

as different sized groups i3 
position of ^- Phenyl r.ng(s) . 1 

enhanced. For instance, if enhanced. In 

a.e .-t-.ut.lphenyl^ --J-^^;,^^^^^^^^^^ phenyl 
this context when R and/or R are 
the substitution may be not only m the ^ 
positions, but on any other P°-^^°\^^^f 
!ing For instance, 2 , 5-di-t-butylphenyl , and 
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butyl-4,6-dichlorophenyl would be included in 

^"-r ::rcT«e« v..ious ..oupin.. ^^n 
^an.i.ied bv . pa.a^e.e. called B see «■ ^ 

r:.a: ::er:«:::int;ani/cbe.is... .o.n«iiev. 

Newman, Steric t, cge-gos. For the purposes 

£. onna New York, 1956, p- 59B ou-> . 

s. Sons, New o-substituted 

herein, the E. values are those tor _ 

ben.oates described in these P"''^^""^^^^ ^^^^^^ 
value for E. tor any particular ^-"f ^ 
can be determined by methods described - ^"^-^ 
publications, ^or the purposes here.n the v 

. J 1-0 be the same as tor TneT:.iiy-». - 

hydrogen is defined ^° ^^^^l 

preferred that difference xn E3, wtien k. 
xs preferr phenyl, between the groups 

preferably also R ) is pneny . phenyl ring 

o ■ ^v.o 9 and 6 positions of the pnenyx 
rrrst ^^rmLrpre/erably at Xeast about 0^.0. 

and especially ^rt^ed^rsrs itu^/ in 

phenyl .roups -^--^^^r" : positions. 

any other manner xn the 3, 4 o P ^ ^..^.^^ 

These differences m are pr . „ 

such as .VllX,, and in any <^JJ^ ^^X^^ZZ^n, an 
processes herein wherern ,^,,..,3 and 

, :r:r::crrd:irinrs is mustrated m ..ampies 4.4- 

Because of the relatively large amounts o£ ..l- 
-=--n ■ rca::lyrtsTe:rt:d"reirn:v:Uolymers 
0 TanTe^rdr rn: -ese hLopolypropylene . Xn 

some of the PP's made herein the structure 



i-HCH^CHzC-^aCCHajnCHzCHzCHzC H 

(XXXX) 

35 may be found. In this structure each ^^^^^Ts . 
^ .u.^ is a branch point, while each C is a 



carbon atom that is a 
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is ■nore than 3 carbon atoms 
methylene group that xs mor methylene 
removed from any branch point (C ) . Her 
groups of the type -C^,- are termed 6. <°^^^"^^ _ 
methylene groups. Methylene groups of the -VPe - ' 
which are exactly the third carbon atom from a branch 
point, are termed y (gamma, methylene groups. The KMR 
Tignal for the 8. methylene groups occurs at about^ 
. . 7S ppm. While the ^ signal for the . -""Vlene 
t^f ' ^ 4- -sn nnm Ratios of these 

number of^ methylene groups xn the PP n.s done y 
"-^\ns^:::rerd\:rPr:ade herem ha.e about 
.5 to about 300 5. methylene groups per 1000 methylene 

, aroups (total) in the PP. . ^ s ~ 

It is also preferred that the rat.o of 6* =7 
methylene groups in the PP be 0.7 to about 2.0 _ 
The aLve ratios involving 8. and y methylene 
group! in PP are of course due to the fact that h.gh- 
0 'relatively high enchainment can be obtaxned^ It 

preferred that about 30 -/" --jrH fasten. 

„m=r- units in PP be enchained m an ffl.j. 
monomer units in „.rcent cd,1 enchainment 

Using the above equation, the percent cd, 
for polypropylene can be calculated as-. 
„ 4 1 . (100) (1000-B)/(1000+2B) 

' Wherein B is the total branching (number of methyl 
groups, per 1000 methylene groups in ^^-^l^"' 
Homo- or copolymers of one or more ^-^^ ^ 
Olefins containing 3 to S carbon atoms may also have 8. 
30 carbon atoms in them, preferably at least about 1 
„ore 5. carbon atoms per 1000 methylene groups 

The above polymerization processes can of course 
be used to make relatively random copolymers (except 
for certain CO copolymers) of various possible 

35 monomers. However, ^^^^ ''^^ ZTo^lly 

ma,.e bloC polymers. A bloc)c polymer is conventionally 
defined as a polymer comprising molecules m which 
tlire is a linear arrangement of bloc.cs, a bloclc being 
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a portion of a polymer molecule which the monomerxc 
units have at least one constitutional or 
configurational feature absent from adjacent portions 
(definition from H. Mark, et al . . Ed., Encyclopedia of 
5 polymer Science and Engineering, Vol. 2, John Wxley S. 
sons. New York, 1985, p. 324). Herein in a block 
copolymer, the constitutional difference xs a 
difference in monomer units used to make that block, 
while in a block homopolymer the same monomer (s) are 
10 used but the repeat units making up different blocks 
are different structure and/or ratios of types of 

structures . - 

Since it is believed that many of the 
polymerization processes herein have characteristics 
15 that often resemble those of living polymerizations, 
making block polymers may be relatively easy. One 
method is to simply allow monomer (s) that are being 
polymerized to be depleted to a low level, and then 
adding different monomer (s) or the same combination of 

-ir, H-n=f*-r-ent ratios. This process may be 
20 monomers m dirrerent za^j-^^ 

repeated to obtain polymers with many blocks . ^ 

Lower temperatures, say about less than 0 C, 
preferably about -10° to about -30°, tends to enhance 
the livingness of the polymerizations. Under these 
25 conditions narrow molecular weight distribution 

polymers may be obtained (see Examples 367-369 and 
371), and block copolymers may also be made (Example 

^^°^'as pointed out above, certain polymerization 
30 conditions, such as pressure, affect the microstructure 
of many polymers. The microstructure- in turn affects 
many polymer properties, such as crystallization 
Thus, by changing polymerization conditions, such as 
the pressure, one can change the microstructure of the 
35 part of the polymer made under those conditions. This 
of course leads to a block polymer, a polymer have 
defined portions having structures different from other 
defined portions. This may be done with more than one 
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n^onomer to obtain a block copolymer, or may be done 

mixture of monomers to 

with a single monomer or smgx 

obtain a block homopolymer . For instance, in the 
l^erization of ethylene, high pressure sometxmes 
5 leir:: cr;stalline polymers, while lower pressures 
amorphous polymers. Changing the pressure 
-1^ to an ethylene homopolymer 

:rc:;s::!un: p:iye-yxene. ..e ..^.^ ..r. ..^ 

1-V.f-re were enough of them, a 
■ efas o::!. Ko^opolvethylene could .e 

^ror/e. sL.Ia. polv.e.s coul. poss..ly .e .a.e f.o., 
other monomer (s), such as propylene. 

other mo oi-fins such as propylene, that 

Homopolymers of a-olerins s 

15 is polymers which were made from a 

consisted essentially of a single monomer - 
propylene, which are made herein, sometimes e:ch.bxt 

LuLal properties f hiroxUpylene 

homopolymers. For instance, ^ 

v,=,..^ about 1000 methyl groups per 1000 
20 usually would have about luu ^ herein typically 

^,,r^o Polvtjropylenes made nerem i-yf 
methylene groups. Poxyprupy 

have about half that many -'hyl groups- and rn 
addition have some longer cha.n branches Other 
olefins often give polymers whose mrcrostructure 
,5 analogous to these polypropylenes when the above 
^atalvsts are used for the polymerization. 

" ^ese polypropylenes often ^^^^^ ^^X:^ 
low glass transition temperatures (Tg.s,. Normal 
polypropylene has a Tg of about -17 ^^/f 
30 polypropylenes herein have a Tg of -30 C or less 
30 poiypropy preferably 
preferably about -35 C or less, a 
Lout -40"c or less. These Tg's are measured by 
differential Scanning Calorimetry at ^^""^ 
10°C/min, and the Tg is taken as the midpoint of the 
35 transition. These polypropylenes preferably have at 
least SO branches (methyl groups) per 1000 carbon 
atols, more preferably at least about 100 branches per 
1000 methylene groups. 
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Previously, when cyclopentene was coordination 
polymerized to higher molecular weights, the resulting 
polymer was essentially intractable because of its very 
high melting point, greatly above 300*'C. Using the 
catalysts here to homopolymerize cyclopentene results 
in a polymer that is tractable. I.e., may be reformed, 
as by melt forming. Such polymers have an end of 
melting point of about 320°C or less, preferably about 
3 0 0°C or less, or a melting point of about 275*^C or 
less, preferably about 25 0''c or less. The melting 
point is .determined by Differential Scanning 
Calorimetry at a heating rate of 15°C/min, and taking 
the maximum of the melting endotherm as the melting 
point. However these polymers tend to. have relatively 
diffuse melting points, so it is preferred to measure 
the ^^melting point" by the end of melting point. The 
method is the same, except the end of melting is taken 
as the end (high • temperature end) of the melting 
endotherm which is taken as the point at which the DSC 
signal returns to the original (extrapolated) baseline. 
Such polymers have an average degree of polymerization 
(average number of cyclopentene repeat units per 
polymer chain) of about 10 or more, preferably about 3 0 
or more, and more preferably about 50 or more. 

In these polymers, enchainment of the cyclopentene 
repeat units is usually as cis-1 , 3 -pentylene units, in 
contrast to many prior art cyclopentenes which were ' 
enchained as 1 , 2 -cyclopentylene units. It is preferred 
that about 90 mole percent or more, more preferably 
about 95 mole percent or more of the enchained 
cyclopentene units be enchained as . 1 , 3 -cyclopentylene 
units, which are preferably cis-1 , 3 -cyclopentylene 
units. 

The X-ray powder diffraction pattern of the 
instant poly (cyclopentenes) is also unique. To produce 
cyclopentene polymer samples of uniform thickness ' for 
X-ray measurements, powder samples were compressed . into 
disks approximately 1 mm thick and 3 2 mm in diameter. 
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X-ray powder diffraction patterns of the samples were 
collected over the range 10-50° 29. The diffraction 
data were collected using an automated Philips 6-0 
diffractometer (Philips X'pert System) operating in the 
symmetrical transmission mode (Ni-filtered CuKa 
radiation, equipped with a diffracted beam collimator 
(Philips Thin Film Collimator system) , Xe filled 
proportional detector, fixed step mode (O.OSVstep). 
12.5 sec. /step, 1/4° divergence slit). Reflection 
positions were identified using the peak finding 
routine in the APD suite of programs provided with the 
X'pert System. The X-ray powder diffraction pattern • 
had reflections at approximately 17.3°, 19 . 3°, . 24 . 2°, . 
and 40.7° 26, which correspond to d-spacings of 
approximately 0.512, 0.460, 0.368 and 0.222 nm, 
respectively. These polymers have a monoclinic unit 
cell of the approximate dimensions: a=0.561 nm; b=0.607 
nm; c=7.37 nm; and g=123.2°. 

copolymers of cyclopentene and various other 
olefins may also be made. For instance a copolymer of 
ethylene and cyclopentene may also be made. In such a 
copolymer it is preferred that at least 5 0 mole 
percent, more preferably at least about 70 mole 
percent, of the repeat units are derived from 
cyclopentene. As also noted above, many of the 
polymerization systems described herein produce 
polyethylenes that have considerable branching in them. 
Likewise the ethylene units which are copolymerized 
with the cyclopentene herein may also be branched, so 
it is preferred that there be at least 20 branches per 
1000 methylene carbon atoms in such copolymers. In 
this instance, the "methylene carbon atoms" referred to 
in the previous sentence do not include methylene 
groups in the cyclopentene rings. Rather it includes 
methylene groups only derived from ethylene or other 
olefin, but not cyclopentene. 

Another copolymer that may be prepared is one from 
cyclopentene and an a-olefin, more preferably a linear 
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a-olefin. It is preferred in such copolymers that 
repeat units derived from cyclopentene are 50 mole 
percent or more of the repeat units. As mentioned 
above, a-olefins may be enchained in a l,co fashion, 
and it is preferred that at least 10 mole percent of 
the repeat units derived from the a-olefin be enchained 
in such a fashion. Ethylene may also be copolymerized 
with the cyclopentene and a-olefin. 

Poly (cyclopentene) and copolymers of cyclopentene, 
especially those that are (semi) crystalline , may be 
used as molding and extrusion resins. They may contain 
various materials normally found in resins, such as 
Ji fillers, reinforcing agents, antioxidants, 

S; antiozonants, pigments, tougheners, compatibilizers , 

dyes, flame retardant, and the like. These polymers 
may also be drawn or melt spun into fibers. Suitable 
tougheners and compatibilizers include polycyclopentene 
resin which has been grafted with maleic anhydride, an 
grafted EPDM rubber, a grafted BP rubber, a 
f unctionalized styrene /butadiene rubber, or other 
rubber which has been modified to selectively bond to 
p components of the two phases. 

In all of the above homo- and copolymers of 
cyclopentene, where appropriate, any of the preferred 
state may be combined any other preferred state (s) . 

The homo- and copolymers of cyclopentene described 
above may used or made into certain forms as described 
below : 

1. The cyclopentene polymers described above 
may be part of a polymer blend . That is they may be 
mixed in any proportion with one or more other polymers 
which may be thermoplastics and/or elastomers, 
suitable polymers for blends are listed below in the 
listing for blends of other polymers described herein, 
one preferred type of polymer which may be blended is a 
toughening agent or compatibilizer , which is often 
elastomeric and/or contains functional groups which may 
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help compatibilize the mixture, such as epoxy or 
carboxyl . 

2 . The polycyclopentenes described herein are 
useful in a nonwoven fabric comprising fibrillated 
three-dimensional network fibers prepared by using of a 
polycyclopentene resin as the principal component. It 
can be made by flash- spinning a . homogeneous solution 
containing a polycyclopentene. The resultant nonwoven 
fabric is excellent in heat resistance, dimensional 
stability and solvent resistance. 

3 . A shaped part of any of the cyclopentene 
containing resins . This part may be formed by 
injection molding, extrusion, and thermof ormmg . 
Exemplary uses include molded part for 

.edical treatment container, microwave -range container, 
food package container such as hot packing container, 
oven container, retort container, etc., and 
resisting transparent container such as heat-resisting 

4 A sheet or film of any of the cyclopentene 
containing resins. This sheet or film may be clear and 
may be used for optical purposes (i.e. breakage 
distant glazing) . The sheet or fil. .ay - ^--d 
or unoriented. Orientation may be carried out by any 
of the known methods such a uniaxial or biaxial 
drawing. The sheet or film may be stampable or 

thermof ormable . ^ -i 

5 The polycyclopentene resins are useful in 

nonwoven fabrics or .icrofibers which are P-^"-^^^ 
3 „elt-blowing a material containing as a ™arn component 
a polycyclopentene. A melt-blowing process for 
producing a fabric or fiber comprises supplying a 
polycyclopentene in a molten form f=fom at least one 
Ifif ice of a nozzle into a gas st.eam which attenuates 
5 the molten polymer into microfibers. The -™ 
fabrics are excellent in heat-resistant and chemrcal 
rListant characteristics, and are suitable for use as 
medical fabrics, industrial filters, battery separator. 
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and so forth. The microfibers are particularly useful 
in the field of high temperature filtration, coalescing 

and insulation. 

6. A laminate in which one or more of the 
layers comprises a cyclopentene resin. The laminate 
may also contain adhesives, and other polymers in some 
or all of the layers, or other materials such as paper, 
metal foil, etc. Some or all of the layers, may be 
oriented in the same or different directions. The 
laminate as a whole may also be oriented. Such 
materials are useful for containers, or other uses 
where barrier properties are required. 

7. A fiber of a cyclopentene polymer. This 
fiber may be undrawn or drawn to further orient it. It 
is useful for apparel and in industrial application 
where heat resistance and/or chemical resistance are 
important . 

. 8. A foam or foamed object of a cyclopentene 
polymer. The foam may be formed in any conventional 
' manner such as by using blowing agents. 

9. The cyclopentene resins may be microporous 
membranes. They may be used in process wherein semi- 
permeable membranes are normally used. 

in addition, the cyclopentene resins may be 
treated or mixed with other materials to improve 
certain properties, as follows: 

1. They may further be irradiated with electron 
rays. This often improves heat resistance and/or 
chemical resistance, and is relatively inexpensive. 
Thus the molding is useful as a material required to 
have high heat resistance, such as a structural 
material, a food container material, a food wrapping 
material or an electric or electronic part material, 
particularly as an electric or electronic part 
material, because it is excellent in soldering 
resistance . 

2. Parts with a crystallinity of at least 20% 
may be obtained by subjecting cyclopentene polymers 



115 



having an end of melting point between 240 and 300°C to 
heat treatment (annealing) at a temperature of 12 0°C to 
just below the melting point of the polymer. Preferred 
conditions are a temperature of 150 to 280°C. for a 
5 period of time of 20 seconds to 90 minutes, preferably 
to give a cyclopentene polymer which has a heat 
deformation temperature of from 200 to 2eo''c. These 
parts have "good physical properties such as heat 
resistance and chemical resistance, and thus are useful 
10 for, for example, general construction materials, 
* electric or electronic devices, and cfkr parts. 
_ 3 . Cyclopentene resins may be nucleated to 

5 promote crystallization during processing. An example 

Ki would be a polycyclopentene resin composition 

'?! 15 containing as main components (A) 100 parts by weight 

nj of a polycyclopentene and (B) 0.01 to 25 parts by 

weight of one or more nucleating agents selected from 
the group consisting of (1) metal salts of organic 
acids, (2) inorganic compounds, (3) organophosphorus 
compounds, and/or (4) metal salts of ionic hydrocarbon 
copolymer. Suitable nucleating agents may be sodium 
methylenebis (2,4-di-tertbutylphenyl) acid phosphate, 
sodium bis (4-tert-butylphenyl) phosphate, aluminum p- 
(tert-butyl) benzoate, talc, mica, or related species. 
25 These could be used in a process for producing 

polycyclopentene resin moldings by molding the above 
polycyclopentene resin composition at a temperature 
above their melting point. 

4 . Flame retardants and flame retardant 
30 combinations may be added to a cyclopentene polymer. 
Suitable flame retardants include a halogen-based or 
phosphorus -based flame retardant, antimony trioxide, 
antimony pentoxide, sodium antimonate, metallic 
antimony, antimony trichloride, antimony pentachloride , 
35 antimony trisulfide, antimony pentasulf ide , zinc 

borate, barium metaborate or zirconium oxide. They may 
be used in conventional amounts. 
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5. Antioxidants may be used in .conventional 
amounts to improve the stability of the cyclopentene 
polymers. For instance 0.005 to 30 parts by weight, 
per 10 0 parts by weight of the cyclopentene polymer, of 
5 an antioxidant selected from the group consisting of a 
phosphorous containing antioxidant, a phenolic 
antioxidant or a combination thereof. The phosphorous 
containing antioxidant may be a monophosphite or 
diphosphite or mixture thereof and the phenolic 
10 antioxidant may be a dialkyl phenol, trialkyl phenol, 
^ diphenylmonoalkoxylphenol , a tetraalkyl phenol, or a 

^ mixture thereof. A sulfur-containing antioxidant may 

also be used alone or in combination with other 
antioxidants. 

W 

15 6- Various fillers or reinforcers, such as 

W particulate or fibrous materials, may be added to 

j7; improve various physical properties. 

3 7. '"Special" physical properties can be 

obtained by the use of specific types of materials . 

is t 

nj 20 Electrically conductive materials such as fine metallic 

^ wires or graphite may be used to render the polymer 

S I 

electrically conductive. The temperature coefficient 
of expansion may be regulated by the use of appropriate 
fillers, and it may be possible to even obtain 

25 materials with positive coefficients of expansion. 

Such materials are particularly useful in electrical 
and electronic parts. ^ 

8. The polymer may be crosslinked by 
irradiation or chemically as by using peroxides, 

30 optionally in the presence of suitable coagents. 

Suitable peroxides include benzoyl peroxide, lauroyl 
peroxide, dicumyl peroxide, tert -butyl peroxide, tert- 
butylperoxybenzoate , tert- but ylcumyl peroxide, tert- 
butylhydroperoxide, 2 , 5 -dimethyl -2 , 5-di (tert- 

35 butylperoxy) hexane, 2, 5 -dimethyl -2 , 5-di (tert- 
butylperoxy) hexyne-3 , 1, 1-bis (tert- 
butylperoxyisopropyl) benzene, 1, l-bis (tert- 
butylperoxy) -3,3,5- trimethylcyclohexane, n-butyl-4,4- 
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bis (tert-butylperoxy) valerate, 2,2-bis (tert- 
butylperoxy) butane and tert-butylperoxybenzene . 

When polymerizing cyclopentene, it has been found 
that some of the impurities that may be found in 
cyclopentene poison or otherwise interfere with the 
polymerizations described herein. Compounds such as 
1,3-pentadiene (which can be removed by passage through 
5A molecular sieves) , cyclopentadiene (which can be 
removed by distillation from Na) , and 
methylenecyclobutane (which can be removed by 
distillation from polyphosphoric acid) , may interfere 
with the polymerization, and their level should be kept 
as low as practically possible. 

The above polymers (in general) are useful' in many 
applications. Crystalline high molecular weight 
polymers are useful as molding resins, and for films 
for use in packaging. Amorphous resins are useful as 
elastomers, and may be crosslinked by known methods, 
such as by using free radicals . When such amorphous 
resins contain repeat units derived from polar monomers 
they are oil resistant. Lower molecular weight 
polymers are useful as oils, such as in polymer 
processing aids. When they contain polar groups, 
particularly carboxyl groups, they are useful in 

25 adhesives . 

In many of the above polymerizations, the 
transition metal compounds employed as (part of the) 
catalysts contain(s) (a) metal atom(s) in a positive 
oxidation state. In addition, these complexes may have 
30 a square planar configuration about the metal, and the 
metal, particularly nickel or palladium, may have a dB 
electronic configuration. Thus some of these catalysts 
may be said to have a metal atom which is cationic and 
has a d8-square planar configuration. 
35 In addition these catalysts may have a bidentate 

ligand wherein coordination to the transition metal is 
through two different nitrogen atoms or through a 
nitrogen atom and a phosphorus atom, these nitrogen and 
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phosphorus atoms being part of the bidentate l.gand^ 
It is believed that some of these compounds herexn are 
effective polymerization catalysts at least partly 
because the bidentate llgands have sufficient sterrc 
bulk on both sides of the coordination plane (of the 
square planar complex) . Some of the Examples herexn ■ 
:!:h the various catalysts of this type illustrate the 
degree of iteric bulk which may be needed for such 
catalysts. If such a complex contains a bidentate 

■ ligand -which has the appropriate steric bulk, rt rs 

■ be!ieved that it produces polyethylene with a degree of 
polymerization of at least about 10 or more. 

. It is also believed that .the polymerizatron 
catalysts herein are effective because unpolymerrzed 
clef inlc monomer can only slowly displace from the 
complex a coordinated olefin which may be formed by P- 
hydride elimination -from the growing polymer charn 
which is attached to the transition metal. The 
displacement can occur by associative exchange, 
increasing the steric bulk of the ligand slows the rate 
of associative exchange and allows polymer charn 
growth. A quantitative measure of the ster.c bulk of 
!he bidentate ligand can be obtained by measurrng at - 
85»C the rate of exchange of free ethylene with 
25 complexed ethylene in a complex of formula (XI) as 

shoL in equation 1 using standard 'h tec.^r<^es, 
Which is called herein the Ethylene Exchange Rate 
,EER) The neutral bidentate ligand is represented by 
™ Where V is either N or P. The EER is --"^^ - 
30 this system. In this measurement system the metal rs . 

always Pd, the results being applicable to metals 
■ as noted below. Herein it is preferred for =-"1^=" 

Lntain bidentate ligands for which the second order 
rate constant for Ethylene Exchange Rate rs ->=°"' 
35 20 000 L-mol-is-l or less when the metal used rn the 
po ymerization catalyst is palladium, more P^farabl^ 
Loir 10,000 .-mol-s- or less, and more P^^-^'^^; 

T-ic-i or- less When the metal m tne 
about 5,000 L-tnol s or less. 
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polymerization catalyst is nickel, the second order 
rate constant (for the ligand in EER measurement) is 
about 50,000 L-mol-^s-\ more preferably about 25,000 L- 
mol-^s-^ or less, and especially preferably about 10,000 
L-mol-^s-" or less. Herein the EER is measured using the 
compound (XI) in a procedure (including temperature) 
described in Examples 21-23. 

+ 

-X . ^ ^ ^Vd^"^ . == (1) 

(XI) X=NorP 
In these polymerizations it is preferred if the 
10 bidentat^ ligand is an a-diimine. It is also preferred 
if the olefin has the formula r"cH=CH„ wherein R is 
hydrogen or n-alkyl . 

in general for the polymers described herein, 
blends may be prepared with other polymers, and such 
15 other polymers may be elastomers, thermoplastics or 

thermosets. By elastomers are generally meant ; polymers 
whose Tg (glass transition temperature) and Tm (melting 
point), if present, are below ambient temperature, 
usually considered to be about 20°C. Thermoplastics 
20 are those polymers whose Tg and/or Tm are at or above 
ambient temperature . Blends can be made by any of the 
common techniques known to the artisan, such as 
solution blending, or melt blending in a suitable 
apparatus such as a single or twin-screw extruder. 
25 Specific uses for the polymers of this application m 
the blends or as blends are listed below. 

Blends may be made with almost any kind of 
elastomer, such as EP, EPDM, SBR, natural rubber, 
polyisoprene, polybutadiene , neoprene, butyl rubber, 
30 styrene -butadiene block copolymers, segmented 
polyester-polyether copolymers, elastomeric 
polyurethanes, chlorinated or chlorosulf onated 
polyethylene, (per) f luorinated elastomers such as 
copolymers of vinylidene fluoride, hexaf luoropropylene 
35 and optionally tetraf luoroethylene , copolymers of 
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tetraf luoroethylene and perfluoro (methyl vinyl ether), 
and copolymers of tetraf luoroethylene and propylene. 

Suitable thermoplastics which are useful for 
blending with the polymers described herein include: 
5 polyesters such as poly (ethylene terephthalate) , 
poly (butylene terephthalate), and poly (ethylene 
adipate) ; polyamides such as nylon-6, nylon-6,6, nylon- 
12, nylon-12,12, nylon-ll, and a copolymer of 
hexamethylene diamine, adipic acid and terephthalic 
10 acid; fluorinated polymers such as copolymers of 
ethylene and vinylidene fluoride, copolymers of 
tetraf luoroethylene and hexaf luoropropylene , copolymers 
of tetraf luoroethylene and a perfluoro (alkyl vinyl 
ether) such as perfluoro (propyl vinyl ether), and 
15 poly (vinyl fluoride); other halogenated polymers such a 
poly (vinyl chloride) and poly (vinylidene chloride) and 
its copolymers; polyolefins such as polyethylene, 
polypropylene and polystyrene, and copolymers thereof; 
(meth) acrylic polymers such a poly (methyl methacrylate) 
20 and copolymers thereof; copolymers of olefins such as 
ethylene with various (meth) acrylic monomers such as 
alkyl acrylates, (meth) acrylic acid and ionomers 
thereof, and glycidyl (meth) acrylate) ; aromatic 
polyesters such as the copolymer of Bisphenol A and 
25 terephthalic and/or isophthalic acid; and liquid 

crystalline polymers such as aromatic polyesters or 
aromatic poly (ester-amides) . 

Suitable thermosets for blending with the polymers 
described herein include epoxy resins, phenol- 
30 formaldehyde resins, melamine resins, and unsaturated 
polyester resins (sometimes called thermoset 
polyesters) . Blending with thermoset polymers will 
often be done before the thermoset is crosslinked, 
using standard techniques. 
35 The polymers described herein may also be blended 

with uncrossl inked polymers which are not usually 
considered thermoplastics for various reasons, for 
instance their viscosity is too high and/or their 
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melting point is so high the polymer decomposes below 
the melting temperature. Such polymers include 
poly (tetrafluoroethylene) , aramids such as poly(p- 
phenylene terephthalate) and poly (m-phenylene 
isophthalate) , liquid crystalline polymer such as 
poly(benzoxazoles) , and non-melt processible polyimides 
which are often aromatic polyimides. 

All of the polymers disclosed herein may be mixed 
with various additives normally added to elastomers and 
thermoplastics [see EPSE (below), vol. 14, p. 327-410]. 
For instance reinforcing, non- reinforcing and 
conductive fillers, such as carbon black, glass fiber, 
minerals sudh as clay, mica and talc, glass spheres, 
barium sulfate, zinc oxide, carbon fiber, and aramid 
fiber or fibrids, may be used. Antioxidants, 
antiozonants, pigments, dyes, delusterants , compounds 
to promote crosslinking may be added. Plasticizers 
such as various hydrocarbon oils may also be used. 

The following listing is of some uses for 
polyolefins, which are made from linear olefins and do 
not include polar monomers such as acrylates, which are 
disclosed herein. In some cases a reference is given 
which discusses such uses for polymers in general. All 
of these references are hereby included by reference. 
For the references, «U" refers to W. Gerhartz, et al . , 
Ed., Ullmann's Encyclopedia of Industrial Chemistry, 
5th Ed. VCH verlagsgesellschaft mBH, Weinheim, for 
which the volume and page number are given, "ECT3" 
refers to the H. F. Mark, et al . , Ed., Kirk-Othmer 
Encyclopedia of Chemical . Technology , 4th Ed., John 
Wiley & Sons, New York, «ECT4" refers to the J. I 
Kroschwitz, et al . , Ed., Kirk-Othmer Encyclopedia of 
Chemical Technology, 4th Ed., John Wiley & Sons, New 
York, for which the volume and page number are given, 
«EPST" refers to H. F. Mark, et al . , Ed., Encyclopedia 
of Polymer Science and Technology, 1st Ed., John Wiley 
& sons. New York, for which the volume and page number 
are given, "EPSE" refers to H. F. Mark, et al . , Ed., 
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Encyclopedia of Polymer Science and Engineering, 2nd 
Ed., John Wiley & Sons, New York, for which volume and 
page numbers are given, and "PM" refers to J. A. 
Brydson, ed. , Plastics Materials, 5 Ed., Butterworth- 
Heinemann, Oxford, UK, 1989, and the page is given. In 
these uses, a polyethylene, polypropylene and a 
copolymer of ethylene and propylene are preferred. 

1. Tackifiers for low strength adhesives (U, 
vol. Al, p. 235-236) are a use for these polymers. 
Elastomeric and/or relatively low molecular weight 
polymers are preferred. 

2. An oil additive for smoke suppression in 
single -stroke gasoline engines is another use. 
Elastomeric polymers are preferred. 

3 . The polymers are useful as base resins for 
hot melt adhesives (U, vol. Al, p. 233-234), pressure 
sensitive adhesives (U, vol.. Al, p. 235-236) or solvent 
applied adhesives. Thermoplastics are preferred for 
hot melt adhesives. The polymers may also be used in a 
carpet installation adhesive. 

4 . Lubricating oil additives as Viscosity Index 
Improvers for multigrade engine oil {ECT3, Vol 14, p. 

4 95-4 96) are another use . Branched polymers are 
preferred. Ethylene copolymer with acrylates or other 
polar monomers will also function as Viscosity Index 
Improvers for multigrade engine oil with the additional 
advantage of providing some dispersancy . 5 . Polymer for 
coatings and/or penetrants for the protection of 
various porous items such as lumber and masonry, 
particularly out-of-doors. The polymer may be in a 
suspension or emulsion, or may be dissolved in a 
solvent . 

6 . Base polymer for caulking of various kinds 
is another use. An elastomer is preferred. Lower 
molecular weight polymers are often used. 

7. The polymers. may be grafted with various 
compounds particularly those that result in functional 
groups such as epoxy, carboxylic anhydride (for 
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instance as with a free radically polymerized reaction 
with maleic anhydride) or carboxylic acid (EPSE, vol. 
12, p. 445). Such functionalized polymers are 
particularly useful as tougheners for various 
thermoplastics and theirmosets when blended. When the 
polymers are elastomers, the functional groups which 
are grafted onto them may be used as curesites to 
crosslink the polymers. Maleic anhydride -grafted 
randomly-branched polyolefins are useful as tougheners 
for a wide range of materials (nylon, PPO, PPO/styrene 
alloys, PET, PBT, POM, etc.); as tie layers in 
multilayer constructs such as packaging barrier films; 
as hot melt, moisture -curable, and coextrudable 
adhesives; or as polymeric plasticizers . The maleic 
andhydride -grafted materials may be post reacted with, 
for example; amines, to form other functional 
materials. Reaction with aminopropyl trimethoxysilane 
would allow for moisture-curable materials. Reactions 
with di- and tri-amines would allow for viscosity 
modifications . 

8. The polymers, particularly elastomers, may 
be used for modifying asphalt, to improve the physical 
properties of the asphalt and/or extend the life of 
asphalt paving. 

9. The polymers may be used as base resins for 
chlorination or chlorosulf onation for making the 
corresponding chlorinated or chlorosulf onated 
elastomers. The unchlorinated polymers need not be 
elastomers themselves . 

10. Wire insulation and jacketing may be made 
from any of the polyolefins (see EPSE, vol. 17, p. 828- 
842) . In the case of elastomers it may be preferable 
to crosslink the polymer after the insulation or 
jacketing is formed, for example by free radicals. 

11. The polymers, particularly the elastomers, 
may be used as tougheners for other polyolefins such as 
polypropylene and polyethylene . 
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12 . The base for synthetic lubricants (motor 
oils) may be the highly branched polyolefins described 
herein (ECT3, vol. 14, p. 496-501). 

13 . The branched polyolefins herein can be used 
5 as drip suppressants when added to other polymers. 

14 . The branched polyolefins herein are 
especially useful in blovm film applications because of 

^ their particular rheological properties (EPSE, vol. 7, 
p. 88-106) . It is preferred that these polymers have 
10 some crystallinity . 

15 . The polymer described herein can be used to 
blend with wax for candles, where they would provide 
smoke suppression and/or drip control. 

16. The polymers, especially the branched 

15 polymers, are useful as base resins for carpet backing, 
especially for automobile carpeting. 

17. The polymers, especially those which are 
relatively flexible, are useful as capliner resins for 
carbonated and noncarbonated beverages . 

20 18. The polymers, especially those having a 

relatively low melting point, are useful as thermal 
transfer imaging resins (for instance for imaging tee- 
shirts or signs) . 

19. The polymers may be used for extrusion or 
25 coextrusion coatings onto plastics, metals, textiles or 

paper webs . 

20. The polymers may be used as a laminating 
adhesive for glass. 

21. The polymers are useful as for blown or 
30 cast films or as sheet (see EPSE, vol. 7 p. 88-106; 

ECT4, vol. 11, p. 843-856; PM, p, 252 and p. 432ff) . 
The films may be single layer or multilayer, the 
multilayer films may include other polymers, adhesives, 
etc. For packaging the films may be stretch- wrap, 
35 shrink-wrap or cling wrap. The films are useful form 

many applications such as packaging foods, geomembranes 
and pond liners. It is preferred that these polymers 
have some crystallinity. 
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22. The polymers may be used to form flexible 
or rigid foamed objects, such as cores for various 
sports items such as surf boards and liners for 
protective headgear. Structural foams may also be 

5 made. It is preferred that the polymers have some 
crystallinity . The polymer of the foams may be 
crosslinked. 

23. In powdered form the polymers may be used 
to coat objects by using plasma, flame spray or 

10 fluidized bed techniques. 

24 . Extruded films may be formed from these 
polymers, and these films may be treated, for example 
drawn. Such extruded films are useful for packaging of 
various sorts . 

15 25. The polymers, especially those that are 

elastomeric, may be used in various types of hoses, 
such as automotive heater hose. 

26. The polymers, especially those that are 
branched, are useful as pour point depressants for 

20 fuels and oils. 

27. These polymers may be flash spun to 
nonwoven fabrics, particularly if they are crystalline 
(see EPSE vol. 10, p. 202-253) They may also be used 
to form spunbonded polyolefins (EPSE, vol. 6, p. 756- 

25 760) . These fabrics are suitable as house wrap and 
geotextiles. 

28. The highly branched, low viscosity 
polyolefins would be good as base resins for master- 
batching of pigments, fillers, f lame-retardants , and 

30 related additives for polyolefins. 29. The polymers 
may be grafted with a compound containing ethylenic 
unsaturation and a functional group such as a carboxyl 
group or a derivative of a carboxyl group, such as 
ester, carboxylic anhydride of carboxylate salt. A 

35 minimum grafting level of about 0.01 weight percent of 
grafting agent based on the weight of the grafted 
polymer is preferred. The grafted polymers are useful 
as compatibilizers and/or tougheners . Suitable 
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grafting agents include maleic, acrylic, methacirylic , 
itaconic, crotonic, alpha-methyl crotonic and cinnamic 
acids, anhydrides, esters and their metal salts and 
fumaric acid and their esters, anhydrides (when 
appropriate) and metal salts. 

Copolymers of linear olefins with 4- 
vinylcyclohexene and other dienes may generally be used 
for all of the applications for which the linear 
olefins polymers (listed above) may be used. In 
addition they may be sulfur cured, so they generally 
can be used for any use for which EPDM polymers are 
used, assuming the olefin/4 -vinylcyclohexene polymer is 
elastomeric . 

Also described herein are novel copolymers of 
linear olefins with various polar monomers such as 
acrylic acid and acrylic esters. Uses for these 
polymers are given below. Abbreviations for references 
describing these uses in general with polymers are the. 
same as listed above for polymers made from linear 
olefins. 

1. Tackifiers for low strength adhesives (U, 
vol. Al, p. 235-236) are a use for these polymers. 
Elastomeric and/or relatively low molecular weight 
polymers are preferred. 

2. The polymers are useful as base resins for 
hot melt adhesives (U, vol. Al , p. 233-234), pressure 
sensitive adhesives (U, vol. Al, p. 235-236) or solvent 
applied adhesives. Thermoplastics are preferred for 
hot melt adhesives. The polymers may also be used in a 
carpet installation adhesive. 

3 . Base polymer for caulking of various kinds 
is another use. An elastomer is preferred. Lower 
molecular weight polymers are often used. 

4. The polymers, particularly elastomers, may 
be used for modifying asphalt, to improve the physical 
properties of the asphalt and/or extend the life of 
asphalt paving, see U.S. patent 3,980,598. 
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5. Wire insulation and jacketing may be made 
from any of the polymers (see EPSE, vol. 17, p. 828- 
842) . In the case of elastomers it may be preferable 
to crosslink the polymer after the insulation or 
jacketing is formed, for example by free radicals. 

6. The polymers, especially the branched 
polymers, are useful as base resins for carpet backing, 
especially for automobile carpeting, 

7 . The polymers may be used for extrusion or 
coextrusion coatings onto plastics, metals, textiles or 
paper webs . 

8 . The polymers may be used as a laminating 
adhesive for glass. 

9 . The polymers are useful as for blown or cast 
films or as sheet (see EPSE, vol. 7 p. 88-106; ECT4., 
vol. 11, p. 843-856; PM, p. 252 and p . 432ff ) . The 
films may be single layer or multilayer, the multilayer 
films may include other polymers, adhesives, etc. For 
packaging the films may be stretch- wrap, shrink-wrap or 
cling wrap. The films are useful form many 
applications such as packaging foods, geomembranes and 
pond liners. It is preferred that these polymers have 
some crystallinity . 

10. The polymers may be used to form flexible 
or rigid foamed objects, such as cores for various 
sports items such as surf boards and liners for 
protective headgear. Structural foams may also be 
made. It is preferred that the polymers have some 
crystallinity. The polymer of the foams may be 
crosslinked . 

11. In powdered form the polymers may be used 
to coat objects by using plasma, flame spray or 
fluidized bed techniques. 

12 . Extruded films may be formed from these 
polymers, and these films may be treated, for example 
drawn. Such extruded films are useful for packaging of 
various sorts . 
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13. The polymers, especially those that are 
elastomer ic, may be used in various types of hoses, 
such as automotive heater hose. 

14 The polymers may be used as reactive 
5 diluents in automotive finishes, and for this purpose 
it is preferred that they have a relatively low 
molecular weight and/or have some crystallinity . 

15. The polymers can be converted to ionomers, 
which when the possess crystallinity can be used as 
10 molding resins. Exemplary uses for these ionomerxc 
molding resins are golf ball covers, perfume caps, 
sporting goods, film packaging applications, as 
tougheners in other polymers, and usually extruded) 

detonator cords . 
15 16. The functional groups on the polymers can 

be used to initiate the polymerization of other types 
of monomers or to copolymerize with other types of 
monomers. If the polymers are elastomeric, they can 
act as toughening agents. 
20 . 17. The polymers can act as compatibilizing 

agents between various other polymers. 

18. The polymers can act as tougheners for 
various other polymers, such as thermoplastics and 
thermosets. particularly if the olef in/polar monomer 
25 polymers are elastomeric. 

19 The polymers may act as internal 
plasticizers for other polymers in blends. A polymer 
which may be plasticized is poly (vinyl chloride) . 

20. The polymers can serve as adhesives between 

30 other polymers. 

21 With the appropriate functional groups, the 

polymers may serve as curing agents for other polymers 
with complimentary functional groups (i.e., the 
functional groups of the two polymers react with each 
35 other) . 

22. The polymers, especially those that are 
branched, are useful as pour point depressants for 
fuels and oils. 
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23. Lubricating oil additives as Viscosity 
Index Improvers for multigrade engine oil (ECT3 , Vol 
14, p. 495-496) are another use. Branched polymers are 
preferred. Ethylene copolymer with acrylates or other 
polar monomers will also function as Viscosity Index 
Improvers for multigrade engine oil with the additional 
advantage of providing some dispersancy. 

24. The polymers may be used for roofing 

) membranes . 

25. The polymers may be used as additives to 
various molding resins such as the so-called 
thermoplastic olefins to improve paint adhesion, as in 

automotive uses. 

5 Polymers with or without polar monomers present 

are useful in the following uses. ^ Preferred polymers 
with or without polar monomers are those listed above 
in the uses for each "type". 

1. A flexible pouch made from a single layer or 

0 multilayer film (as described above) which may be used 
for packaging various liquid products such as milk, or 
powder such as hot chocolate mix. The pouch may be 
heat sealed. It may also have a barrier layer, such as 

a metal foil layer. 
25 2. A wrap packaging film having differential 

cling is provided by a film laminate, comprising at 
least two layers; an outer reverse which is a polymer 

(or a blend thereof) described herein, which contains a 
tackifier in sufficent amount to impart cling 
30 properties; and an outer. obverse which has a density of 
at least about 0.916 g/mL which has little or no cling, 
provided that a density of the outer reverse layer is 
at least 0.008 g/mL less than that of • the density of 

the outer obverse layer. It is preferred that the 
35 outer obverse layer is linear low density polyethylene, 

and the polymer of the outer obverse layer have a 

density of less than 0.90 g/mL. All densities are 

measured at 2 5°C. 
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3. Fine denier fibers and/or multifilaments. 
These may be melt spun. They may be in the form of a 
filament bundle, a non- woven web, a woven fabric, a 
knitted fabric or staple fiber. 
5 4 . A composition comprising a mixture of the 

polymers herein and an antifogging agent. This 
composition is especially useful in film or sheet form 
because of its antifogging properties, 

5. Elastic, randomly-branched olefin polymers are 
10 disclosed which have very good processability, 

including processing indices (Pi's) less than or equal 
to 70 percent of those of a comparative linear olefin 
polymer and a critical shear rate at onset of surface 
melt fracture of at least 50 percent greater than the 
15 critical shear rate at the onset of surface melt 

fracture of a traditional linear olefin polymer at 
about the same 12 and Mw/Mn. The novel polymers may 
have higher low/zero shear viscosity and lower high 
shear viscosity than comparative linear olefin polymers 
20 made by other means. These polymers may be 

characterized as having: a) a melt" flow ratio, 110/12, 
> 5.63, b) a molecular weight distribution, Mw/Mn, 
defined by the equation: Mw/Mn < ( 110/12 ) -4 . 63 , and c) 
a critical shear rate at onset of surface melt fracture 
25 of at least 50 percent greater than the critical shear 
rate at the onset of surface melt fracture of a linear 
olefin polymer having about the same 12 and Mw/Mn, 
Some blends of these polymer are characterized as 
having: a) a melt flow ratio, 110/12, > 5,63, b) a 
30 molecular weight distribution, Mw/Mn, defined by the 
equation: Mw/Mn < ( 110/12 ) -4 . 63 , and c) a critical 
shear rate at onset of surface melt fracture of at 
least 50 percent greater than the critical shear rate 
at the onset of surface melt fracture of a linear 
35 olefin polymer having about the same 12 and Mw/Mn and 
(b) at least lone other natural or synthetic polymer 
chosen from nhe polymer of claims 1, 3, 4, 6, 332, or 
343, a conventional high density polyethylene, low 



131 



10 

Ci 

m 

■en* 



^ .^^i^ polymers .ay be further characterx..d as 

^ melt flow ratio. 110/12, ^ 5.63, a molecular 

weight distribution. Mw/«n, defined by the equation: 
5 L/L . (110/12.-4.63, and a critical shear stress at 
onset of gross melt fracture of greater than about 400 
Wa (4X10' dyne/cn,=) and their method of manufacture 

disclosed. The randomly-branched olefin polymers 
preferably have a molecular weight distribution from 
Tout l.S to about 2.5. The polymers described herem 
„ften have improved processability over ---^^J^^^^ , 
olefin polymers and are useful in producing 
articles such as fibers, films, and molded parts. For 
this paragraph, the value 12 is measured in accordance 
,5 with ASTM D-1238-190/2.X6 and 110 is '"^l^'^'^f ^.r^.^^ 
accordance with ASTM D-1238-190/10; cr.t.cal J^^^ 
at onset of surface melt fracture and processing .ndex 
,PI, are defined in U.S. Patent 5.278.272. whxch xs 
hereby included by reference. 

xn another process described herein, the product 
of the process described herein is an --^f'-]- " 
preferred that in the process a """^f^^" . 

produced. It is also preferred that ^^^^ 
contain 4 to 32. preferably 8 to 20, carbon atoms. 

R2 

25 POOQ) 

When (XXXI) is used as a catalyst, a neutral Lewis 
acid or a cationic Lewis or Bronsted acid whose 
counterion is a weakly coordinating anxon xs also 

^-F catalyst system (sometimes 

30 present as part of the cataiys y , „ ^ 

called a "first compound" in the claims) . By a 
..neutral Lewis acid" is meant a compound which xs a 
Lewis acid capable for abstracting X from (I) to form 
^® . . „ T^Vi^ neutral Lewis acid is 

a weakly coordinating anion. The neutra 



Li 
W 
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- originally uncharged (i.e., not ionic). Suitable 

neutral Lewis acids include SbFs, Ar3B (wherein Ar xs 
aryl) , and BF3 • By a cationic Lewis acid is^meant a ^ 
cation with a positive charge such as Ag , H , and Na . 

5 A preferred neutral Lewis acid is an alkyl 

aluminum compound, such as R%A1 , R%A1C1 , R^AlCl., and 
«R^AlO" ( alkyl aluminoxane) , wherein R is alkyl 
containing 1 to 25 carbon atoms, preferably 1 to 4 
carbon atoms. Suitable alkyl aluminum compounds 

10 include methylaluminoxane, (C.Hs).AlCl, C.H.AlCl., . and 

[(CH3)2CHCH2]3A1. . 

Relatively noncoordinating anions are known m the 
art and the coordinating ability of such anions is 
known and has been discussed in the literature, see for 
15 instance W. Beck.., et al . , Chem. Rev., vol. B8 P- 1405- 
1421 (1988), and S. H. Strauss, Chem. Rev., vol. 93, p. 
927-942 (1993), both of which are hereby included by 
reference. Among such anions are those formed from the 
aluminum compounds in the immediately preceding 
20 paragraph and X" , including R%AlX-, R%A1C1X , R AlCl.X , 
and «r'a10X-" . Other useful noncoordinating anions 
include BAF- {BAP = tetrakis [3 , 5- _ 
bis (trifluoromethyl) phenyl] borate}, SbF^ , PF^, and BF. 
trifluoromethanesulfonate, p-toluenesulf onate , 

25 (RfS02)2N', and (C6Fs)4B • . . 

The temperature at which the process is carried 
out is about -100°C to about .200°C, preferably about 
0°C to about 150°C, more preferably about 25 C to about 
100°C It is believed that at higher temperatures, 
30 lower molecular weight a-olefins are produced, all 

other factors being equal. The pressure at which the 
polymerization is carried out is not critical, ^ 
atmospheric pressure to about 275 MPa- being a suitable 
range. It is also believed that increasing the 
35 pressure increases the relative amount of a-olefm (as 
opposed to internal olefin) produced. 

The process to make a-olefins may be run m a 
solvent (liquid), and that is preferred. The solvent 
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may in. fact be the a-olefin produced. Such a process 
may be started by using a deliberately added solvent 
which is gradually displaced as the reaction proceeds. 
By solvent it is not necessarily meant that any or all 
of the starting materials and/or products are soluble 

in the (liquid) solvent. ^ 

In (I) it is preferred that r' and r" are both 

hydrogen or methyl or R^ and R* taken together are 
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(An) 

It is also preferred that each of Q and S is 
independently chlorine or bromine, and it is more 
preferred that both of Q and S in (XXXI) are chlorine 

15 or bromine. 

In (XXXI) r' and r" are hydrocarbyl or substituted 
hydrocarbyl. What these groups are greatly determines 
whether the a-olefins of this process are made, or 
whether higher polymeric materials, i.e., materxals 
20 containing over 25 ethylene units, are coproduced or 
produced almost exclusively. If R^ and R are highly 
sterically hindered about the nickel atom, the tendency 
is to produce higher polymeric material. For instance, 
when R= and are both 2 , 6-diisopropylphenyl mostly 
25 higher polymeric material is produced. However, when 
and r' are both phenyl, mostly the a-olefins of this 
process are produced. Of course this will also be 
influenced by other reaction conditions such as 
temperature and pressure, as noted above. Useful 
30 groups for R^ and R= are phenyl, and p-methylphenyl . 
As is understood by the artisan, in. 
oligomerization reactions of ethylene to produce a- 
olefins, usually a mixture of such a-olefins is 
obtained containing a series of such a-olefins 
35 differing from one another by two carbon atoms (an 
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ethylene unit) . The process for preparing a-olefins 
described herein produces products with a high 
percentage of terminal olefinic groups (as opposed to 
internal olefinic groups) . The product mixture also 
contains a relatively high percentage of molecules 
which. are linear. Finally relatively high catalyst 
efficiencies can be obtained. 

The a-olefins described as being made herein may 
also be made by contacting ethylene with one of the 
compounds 

R2 1 + 



R3 



X- 



or 



FP 
R* 



5 



(III) 

N U 

X 



(XXXIV) 



) 



wherein R^ r\ , and are as defined (and 
preferred) as described above (for the preparation of a 
-olefins) , and T^ is hydrogen or n-alkyl containing up 
to 3 8 carbon atoms, Z is a neutral Lewis base wherexn 
the donating atom is nitrogen, sulfur, or oxygen, 
provided that if the donating atom is nitrogen then the 
pKa of the conjugate acid of that compound (measured xn 
water) is less than about 6, U is n-alkyl containing up 
to 38 carbon atoms, and X is a noncoordinating anxon 
(see above) . The process conditions for making a- 
olefins using (III) or (XXXIV) are the same as for 
using (XXXI) to make these compounds except a Lewis or 
Bronsted acid need not be present . Note that the 
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double line in (XXXIV) represents a coordinated 
ethylene molecule. (XXXIV) may be made from (II) by 
reaction of (III) with ethylene. In other words, 
(XXXIV) may be considered an active intermediate m the 
5 formation of a-olefin from (III) ■ Suitable groups for 
Z include dialkyl ethers such as diethyl ether, and 
alkyl nitriles such as acetonitrile . 

in general, a-olefins can be made by this process, 
using as a catalyst a Ni [II] complex of an a-diimme of 
10 formula (VIII), wherein the Ni [II] complex is made by 
any of the methods which are described above, usxng 
Ni[0], Ni[I] or Ni[II] precursors. All of the process 
conditions, and preferred groups on (VIII), are the 
same as described above in the process for makxng a- 
15 olefins. 

in the Examples, the following convention is used 
for naming a-diimine complexes of metals, and the a- 
20 diimine itself. The a-diimine is indicated by the 

letters "DAB" . To the left of the "DAB" are the two 
groups attached to the nitrogen atoms, herein usually 
called and R^ To the right of the "DAB" are the 
groups on the two carbon atoms of the a-diimine group, 
25 herein usually termed and r\ To the right of all 
this appears the metal, ligands attached to the metal 
(suchas Q, S and T) , and finally any anions (X). which 
when "free" anions are designated by a superscript 
minus sign (i.e., X) . Of course if there is a "free" 
30 anion present, the metal containing moiety is catxonxc. 
Abbreviations for these groups are as described in the 
specification in the Note after Table 1. Analogous 
abbreviations are used for a-diimines, etc. 

in the Examples, the following abbreviations are 

35 used: 

AHf - heat of fusion 
acac - acetylacetohate 
Bu - butyl 
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t-BuA - t -butyl acrylate 

DMA - Dynamic Mechanical Analysis 

DME - 1, 2-dimethoxyethane 

DSC - Differential Scanning Calorimetiry 

E - ethylene 

EOC - end of chain 

Et - ethyl 

FC-75 - perfluoro(n-butyltetrahydrofuran) 
FOA - fluorinated octyl acrylate 
- GPC - gel permeation chromatography 
MA - methyl acrylate 
MAO - methyl aluminoxane 
Me - methyl 
MeOH - methanol 

MMAO - a modified methylaluminoxane in which 
about 25 mole percent of the methyl groups have been 
replaced by isobutyl groups 

M-MAO - see MMAO 

MMAO- 3 A - see MMAO 

Mn - number average molecular weight 

MVK - methyl vinyl ketone 

Mw- weight average molecular weight 

Mz - viscosity average molecular weight 

PD or P/D - polydispersity, Mw/Mn 

Ph - phenyl 

PMAO - see MAO 

PMMA - poly (methyl methacrylate) 
Pr - propyl 

PTFE - polytetraf luoroethylene 

RI - refractive index 

RT (or rt) - room temperature 

TCE - 1,1,2,2-tetrachloroethane 

Tc - temperature of crystallization 

Td - temperature of decomposition 

Tg - glass transition temperature 

TGA - Thermogravimetric Analysis 

THF - tetrahydrof uran 

Tm - melting temperature - 
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TO - turnovers, the number of moles of monomer 
polymerized per g-atom of metal in the catalyst used 
UV - ultraviolet 
Unless otherwise noted, all pressures are gauge 

5 pressures. 

In the Examples , the following procedure was used 
to quantitatively determine branching, and the 
distribution of branch sizes in the polymers (but not 
necessarily the simple number of branches as measured 
10 by total number of methyl groups per 1000 methylene 
groups) . 100 MHz ^^C NMR spectra were obtained on a 
Varian Unity 400 MHz spectrometer using a 10 mm probe 
on typically 15-20 wt% solutions of the polymers and 
0.05 M Cr(acetylacetonate)3 in 1 , 2 , 4-trichlorobenzene 
15 (TCB) unlocked at 120-140°C using a 90 degree pulse of 
12.5 to 18.5 \isec, a spectral width of 26 to 35 kHz, a 
relaxation delay of 5-9 s, an acquisition time of 0.64 
sec and gated decoupling. Samples were preheated for 
at least ±5 min before acquiring data. Data 
20 acquisition time was typically 12 hr. per sample. The 
t1 values of the carbons were measured under these 
conditions to be all less than 0.9 s. The longest t1 
measured was for the Bu+, end of chain resonance at 14 
ppm, which was 0.84 s. Occasionally about 16 vol. % 
25 benzene -ds was added to the TCB and the sample was run 
locked. Some samples were run in chlorof orm-dl , CDCI3- 
dl, (locked) at 30°C under similar acquisition 
parameters. T^ ' s were also measured in CDCI3 at 
ambient temperature on a typical sample with 0 . 05 M 
30 Cr (acetylacetonate) 3 to be all less than 0.68 s. In 
rare cases when Cr (acetylacetonate) 3 was not used, a 
30-40 s recycle delay was used to insure quantitation. 
The glycidyl acrylate copolymer was run at 100°C with 
Cr (acetylacetonate) 3- Spectra are referenced to the 
35 solvent - either the TCB highfield resonance at 127.8 

ppm or the chlorof orm-dl triplet at 77 ppm. A DEPT 13 5 
spectrum was done on most samples to distinguish 
methyls and methines from methylenes. Methyls were 
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distinguished from .nethines by chemical shift . EOC is 
a„d-of-chain. Assignments reference to followxng 

naming scheme : ^ ^ i c= 

1 xBy- By is a branch of length y carbons; x xs 

5 the carbon being discussed, the methyl at the end of 
5 the carDon y second carbon from 

the branch is numbered 1. Thus tne s v 
the end of a butyl branch is 2B4 . Branches of length y 
r^-r- rrr-f^ater are designated as y*" . 

T IbBv. EB is an ester ended branch containing y 

,0 methylenes, x is the carbon being ^^-^^/i^^^^^^^^" 

-rtrs^it:;::: 

..ter .erminated branch ^^l^-JZl^ZT.:! y=S^ 
model convpounds for EBy typo ^v,.., 

15 confirm the peak positions and assignments of these 
branches. In addition, a model compound for an EBl 
Tranch is consistent »ith . dimensional --^"^ 
the well know 2D NMR techniques of hsqc, hmbc, and 
hsgc-tocsy= the 2D data confirms the P"-"- °^ 

20 EB5-, EBO, EBl and other intermediate length EB 

^""1" The methylenes in the backbone are denoted 
with Greek letters which determine how 

branch point methine each methylene is. Thus P P (beta 
25 B denotes the central methylene in the followrng 

PCH^CH.CH.CH.CHRP. Methylenes that are three or more 
carbons from a branch point are designated as y 

'^^"^r' ■ When X in xBy or xEBy is replaced by a M, the 
30 methine carbon of that branch is 

integrals of unique carbons in each branch were 
measured and were reported as number of ^--^-JJ^^ 
1000 methylenes (including methylenes rn f^ l^'^^-^ 
and branches). These integrals are accurate to ./ 

35 relative for abundant ^ ^^el "thL" o":r 1000 
relative for branches present at less tn 

methylenes . 
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such types of analyses are generally known, see 
for instance "A Quantitative Analysis of Low Density 
(Branched) Polyethylenes by Carbon- 13 Fourier Transform 
Nuclear Magnetic Resonance at 67.9 MHz", D. E. Axelson, 
et al Macromolecules 12 (1979) pp. 41-52; "Fine 
Branching Structure in High- Pressure , Low Density 
polyethylenes by 50.10-MHz 13C NMR Analysis". T. Usami 
et al , Macromolecules 17 (1984) pp. 1757-1761; and 
"Quantification of Branching in Polyethylene by 13C NMR 
using paramagnetic Relaxation Agents", J. V. Prasad, et 
al Eur. Polym. J. 27 (1991) pp. 251-254 (Note that 
this latter paper is believed to have some significant 
typographical errors in it) . 

It is believed that in many of the polymers 
described herein which have unusual branching, i.e., 
they have more or fewer branches than would be expected 
for "normal" coordination polymerizations, or the 
distribution of sizes of the branches is different from 
that expected, that "branches on branches" are also 
20 present . By this is meant that a branch from the mam 
chain on the polymer may itself contain one or more 
branches. It is also noted that the concept of a "mam 
chain" may be a somewhat semantic argument if there are 
sufficient branches on branches in any particular 
25 polymer. 

By a polymer hydrocarbyl branch is meant a methyl 
group to a methine or quaternary carbon atom or a group 
of consecutive methylenes terminated at one end by a 
methyl group and connected at the other end to a 
methine or quaternary carbon atom. The length of the 
branch is defined as the number of carbons from and 
including the methyl group to the nearest methine or 
quaternary carbon atom, but not including the methine 
or quaternary carbon atom. If the number of 
35 consecutive methylene groups is «n" then the branch 
contains (or the branch length is) n.l . Thus the 
structure (which represents part of a polymer) - 
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CH2CH2CH[CH2CH2CH2CH2CH(CH3)CH2CH3]CH2CH2CH2CH2- contains 2 
branches, a methyl and an ethyl branch. 

For ester ended branches a similar definition is 
used. An ester branch refers to a group of consecutive 
5 methylene groups terminated at one end by an ester - 

COOR group, and connected at the other end to a methine 
or quaternary carbon atom. The length of the branch is 
defined as the number of consecutive methylene groups 
from the ester group to the nearest methine or 
10 quaternary carbon atom, but not including the methine 
or quaternary carbon atom. If the number of methylene 
O ' groups is "^n" , then the length of the branch is n. 

J: Thus -CH2CH2CH [CH2CH2CH2CH2CH (CH3) CH2C00R] CH2CH2CH2CH2- 

m contains 2 branches, a methyl and an n=l ester branch. 

The =^^C NMR peaks for copolymers of -cyclopentene 
and ethylene are described based on the labeling scheme 
and assignments of A. Jerschow et al, Macromolecules 
1995, 28, 7095-7099. The triads and pentads are 
described as 1-cme, 1,3-ccmcc, 1,3-cmc, 2-cme, 2-cmc, 
20 1, 3 -erne, 3 -erne, and 4,5-cmc, where e = ethylene, c = 
cyclopentene, and m = meta cyclopentene (i.e. 1,3 
enchainment) . The same labeling is used for 
cyclopentene/l-pentene copolymer substituting p = 
pentene for e. The synthesis of diimines is reported 
25 in the literature (Tom Dieck, H. ; Svoboda, M. ; Grieser , 
T. 2. Na turf or sch 1981, 36b, 823-832. Kliegman, J. M. ; 
Barnes, R. K. J, Org. Chem. 1970, 35, 3140-3143.) 

E:?^amplg X 
[ (2, 6-i-PrPh) aDABMeal PdMeCl 
30 Et20 (75 mL) was added to a Schlenk flask 

containing CODPdMeCl (COD = 1 , 5-cyclooctadiene) (3.53 
g, 13.3 mmol) and a slight excess of (2,6-i- 
PrPh) 2DABMe2 (5.43 g, 13.4. mmol, 1.01 equiv). An 
orange precipitate began to form immediately upon 
35 mixing. The reaction mixture was stirred overnight and 
the Et20 and free COD were then removed via filtration. 
The product was washed with an additional 2 5 mL of Et20 
and then dried overnight in vacuo. A pale orange 
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powder (7.18 g, 95.8%) was isolated: NMR (CD2CI2, 

400 MHz) 5 7.4 - 7.2 (m, 6, Haryl) / 3.06 (septet, 2, J = 
6-81, CHMe2) , 3.01 (septet, 2, J = 6.89, C'iiiyie2), 2.04 
and 2.03 (N=C (Me) -C • (Me) =N) , 1.40 (d, 6, J = 6.79, 
C'HMeMe'), 1.36 (d, 6, J = 6.76, CHMeMe ' ) , 1.19 (d, 6, 
J = 6.83, CHMeMe'), 1.18 (d, 6, J = 6.87, C'HMeMe'), 
0.36 (s, 3, PdMe) ; NMR (CD2CI2, 400 MHz) 5 175.0 and 

170.3 (N=C-C'=N) , 142.3 and 142.1 (Ar, Ar' : Cipso) / 
138-9 and 138.4 (Ar, Ar ' : Co), 128.0 and 127.1 (Ar, 
Ar- : Cp) , 124.3 and 123.5 (Ar, Ar ■ : C^,) , 29.3 (CHMe2) , 
28.8 (C'HMea), 23.9, 23.8, 23.5 and 23.3 (CHMeMe', 
C'HMeMe'), 21.5 and 20.1 (N=C (Me) -C ' (Me) =N) , 5.0 (JcH = 
135 . 0, PdMe) . 
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[ (2,6-i-PrPh)2DABH2]PciMeCl 
Following the procedure of Example 1. an orange 
powder was isolated in 97.1% yield: ^^H NMR (CD^Cl. 
400 MHZ) 5 8.31 and 8.15 (s, 1 each, N=C (H) -C • (H) =N) , 
7 3 - 7.1 (m. 6, Haryl). 3.22 (septet, 2, J = 6.80, 
CHMe.), 3.21 (septet, 2, J = 6.86, C-HMe.), 1-362 
1 356 1.183 and 1.178 (d, 6 each, J = 7.75 - 6.90; 
CUMeMe', CHMeMe'), 0.67 (s, 3, PdMe) ; "C NMR 
(CD2CI2. 100 MHZ) 8 164.5 (JcH = 179-0, N=C(H) ) , 160.6 
(JCH = 178.0, N=C'(H)), 144.8 and 143.8 (Ar, Ar-: 

o -,oQ o At' • C^) . 128.6 and 127.7 

Cipso)« 140.0 and 139.2 (Ar, Ar . Co), ^ 

(AT, Ar-:.Cp), 124.0 and 123.4 (Ar, Ar' : C„) , 29.1 
(CHMe^), 28.6 (C'HMe,), 24.7, 24.1, 23.1 and 22.7 
(CHMeMe-, C'HMeMe'), 3.0 (JcH = 134-0, PdMe) . Anal. 
Calcd for (C27H3sClN2Pd) : C 60.79; H, 7.37; N, 5.25. 
Found: C, 60.63; H, 7.24; N, 5.25. 

rumple 3 
[(2,6 -MePh) jDABMej] PdMeCl 
Following the procedure of Example 1, a yellow 
powder was isolated in 90.6% yield: NMR (CDaCl., ^ 

400 MHZ) 8 7.3 - 6.9 (m, 6, Haryl) ^ 2.22 (s, 6, Ar, Ar 
Me), 2.00 and 1.97 (N=C (Me) -C ' (Me) =N) , 0.25 (s, 3, 
PdMe) . 

T?,yapiple 4 

[ (2 , 6-MePh) jDABMez] PdMeCl 
Following the procedure of Example 1, an orange 
powder was isolated in 99.0% yield: ^H NMR (CD.Cl., 
400 MHZ, 41 °C) 8 8.29 and 8.14 (N=C (H) -C • (H) =N) , 7.2 
7.1 (m, 6, Ha.yi), 2.33 and 2.30 (s, 6 each, Ar, Ar • : 
Me), 0.61 (s, 3, PdMe); ^^^c NMR (CD^Cl^, 100 MHz, 41 
oC) 8 165.1 (CTcH = 179.2, N=C(H) ) , 161-0 (CTch = 177-8 
(N=C'(H)), 147.3 and 146.6 (Ar, Ar' : Cipso) , 129-5 and 
128.8 (Ar, Ar': Co), 128-8 and 128.5 (Ar, Ar': C.) 

^ lo-T (Ar AT' - Cn), 18-7 and 18.2 (Ar, Ar : 
35 127.9 and 127.3 kax , at - ^-pi > 

Me) , 2.07 (JcH = 136.4, PdMe) . 
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T^yapiple 5 

[4 -MePh) jDABMes] PdMeCl 
Following the procedure of Example 1, a yellow 
powder was isolated in 92.1% yield: NMR (CD3CI. 

loo MHZ) 5 7.29 (d. 2, .= B.5B, Ar = H.) V.2S d 2 . 
= 7.83, AT-: H.), 6.90 (d, 2, J = 8.24, Ar"-: Ho), 6.83 

u^ o-^qfs 6.Ar,Ar':Me), 
(d 2, J = 8.34, Ar: Ho), 2.39 IS, b , , . 

.Is Ind 2.0s (s, 3 each. .=C,Me, -C (Me, -N. , 0.44 <. 

,«.C-C-N). 144.9 and 143.7 (Ar. Ar'. Cipso) , 13J-0 and 
X3S.9 (AT, AT.: Cp) . 130.0 and 129.3 (ArAr': C„) 
X22.0 and 121.5 (AT. Ar': C„) , 21.2 ,N.C<«a, 20.1 
,«r Ar' - Me). 19.B (N-C'CMe)). 2.21 (JcH= 135.3. 

Xnal. Calcd .or (C.,H.3ClN.Pd> ■ C. S4.1V, H, 
, 5.50,- N. G.G5. Found: C 54.41; H. 5.37; N. 6.69. 

[ (.4 -MePh) 2DABH2] PdMeCl 
Following the procedure of Example 1, a burnt 

1 ^-^^ qo 5% vield: Anal. Calcd 
orange powder was xsolated xn 90.5 oy 

for (Cx7Hx9ClN2Pd) : C, 51.93; H, 4.87, N, 7.1 
C, 51.36; H, 4.80; N, 6.82. 

T?,yaTpp1 e 7 

<{ [ (2 , 6-i-PrPh) jDABMea] PdMe } 2 (ki-Cl ) >BAF- 
Et20 (25 mL) was added to a mixture of [(2,6-i- 
PrPh).DABMe.] PdMeCl (0.81 g, 1-45 mmol) and 0.5 equ.v 
of NaBAF (0.64 g, 0.73 mmol) at room temperature^ A 
golden yellow solution and NaCl precipitate formed 
Immediately upon mixing. The ^ ^^^^^f ^^^^^^^ „ 
stirred overnight and then filtered. ^^^^^/^^ ^"f^ 
was removed in vacuo, the product was ^^^^^ ^^^^^^^^^ 
of hexane. The yellow powder was then — ^^^^^^^^/^^ 
roL of CH2CI2 and the resulting solution was fxltered xn 
Trder to removed traces of unreacted NaBAP . Removal of 
CH.C1. in vacuo yielded a golden yellow POwder (1^25 g, 
3 88.2%) : NMR (CD.Cl., 400 MHz) 5 7.73 (s 8 B^. 

H ) 7 57 (s, 4, BAF: Hp), 7.33 (t, 2, J = 7.57, Ar . 

L T 7 69 Ar- Ho), 7.18 (t, 2, J = 

Hp), 7.27 (d, 4, J = 7.69, Ar . Ho^ , 

^ « ^ 7 10 (d 4, J = 7.44, AT- : Ho) , 2.88 
7.64, Ar: Hp), /.lu va, •* , 
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(septet, 4. J = 6.80, CfJMez) , 2.75 (septet, 4, J = 
6.82, C'me2). 2.05 and 2.00 (s, 6 each, N=C (Me) - 
C'(Me)=N), 1.22, 1.13, 1.08 and 1.01 (d, 12 each, J = 
6 61-6 99, CHMeMe', C'HMeMe'), 0.41 (s, 6, PdMe) ; C 
5 NMR 100 MHZ) 5 177.1 and 171.2 (N=C-C'=N), 

162.2 (q, Jbc = 49.8, BAF : C^pso) , 141.4 and ' ° 

138.8 and 138.1 (Ar, Ar • : Co), 135.2 (BAF: 
Cp), 129.3 (q, JCF = 31.6, BAF: C„) , 128.6 and 127.8 
(Ar, AT.: Cp), 125.0 (q, JcF = 272.5, BAF: CF3) , 124.5 
10 and 123.8 (AT, AT.: C.) , 117.9 (BAF: Cp) , 29.3 (CHMe.) , 
29.0 (C'HMe^), 23.8, 23.7, 23.6 and 23.0 (CHMeMe' 
CHMeMe'), 21.5 and 20.0 (N=C (Me) -C • (Me) =N) , 9.8 (JcH = 
136 0 PdMe). Anal. Calcdfor (C9oH98BClF24N4Pd2) : C, 
55.41'; H, 5.06; N, 2.87. Found: C, 55.83; H, 5.09; N, 
15 2.63. 

^1 [ (2,6-i-PrPh)2DABH2]PdMe}2(^-Cl)>BAF- 
The procedure of Example 7 was followed with one 
exception, the removal of CH3CI2 in vacuo yielded a 
20 product that was partially an oil. Dissolving the 

compound in Et^O and then removing the Et^O in vacuo 
yielded a microcrystalline red solid (85.5%) : ^H NMR 
(CD2CI2, 400 MHZ) 5 8.20 and 8.09 (s. 2 each, N=C(H)- 
C'(H)=N), 7.73 (s, 8, BAF: H^) , 7.57 (s, 4, BAF: Hp), 
25 7.37 (t, 2, J - 7.73, Ar : Hp), 7.28 (d, 4, J - 7.44, 
^r: H.)-, 7.24 (t, 2, Ar ■ : Hp), 7.16 (d, 4, J = 7-19, 
Ar' - H„,), 3.04 (septet, 4, J = 6.80, CHMe^) , 2.93 
(septet, 4, J = 6.80, C'HMe^), 1.26 (d, 12, J = 6^79 
CHMeMe' ), 1.14 (d, 12, J = 6.83, CHMeMe'), 1 - H (d, 12, 
30 J - 6 80, CHMeMe-), 1.06 (d, 12, J = 6.79, CHMeMe ), 
0.74 (s, 6, PdMe); NMR (CD2CI2 , 100 MHz) 6 166 . 0 

(JcH = 180.4, N=C(H)), 161.9 (q, Jbc = 49.6, BAF: 
C,p3o). 160.8 (.CH =173-9. N=C.(H)), 143.5 and 143 0 
(AT, Ar': Cipso). 139-8 and 138.9 (Ar, Ar' : Co), 135.2 
35 (BAF: Co), 129.3 (q, Jc. = 31.4, BAF. C.) , 129-3 and 

128.5 (Ar, Ar-: Cp) , 125.0 (q, JcF = 272.4, BAF: CF3) , 
124 3 and 123.7 (Ar, Ar': C,) , 117.9 (BAF: Cp) , 29.2 
and 28.9 (CHMe^, C'HMe^), 24.5, 24.1, 23.0, and 22.5 
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(CHMeMe', C'UMeMe'). 10.3 (PdWe) . Anal. Calcdfor 
(C86H90BClF24N4Pd2) : C, 54.52; H, 4.97; N, 2.96. 
Found: C, 54.97; H, 4.72; N, 2.71. 

Alternatively, the products of Examples 7 and 8 
have been synthesized by stirring a 1:1 mixture of the 
appropriate PdMeCl compound and NaBAF in EtzO for -1 h. 
Removal of solvent yields the dimer -.0.5 equiv of 
NaMOEt2)2BAF-. washing the product mixture with 
0 hexane yields ether- free NaBAF, which is insoluble xn 
CH2CI2 Addition of CH2CI2 to the product mixture 

and filtration of the solution yields salt-free dimer: 
XH NMR spectral data are identical with that reported 
above . 

5 For a synthesis of CODPdMes, see: Rudler- 

Chauvin, M.. and Rudler, H. J. Organomet . Chem. 1977, 
134, 115-119. 

^r^l^PP"'^- 10 
[ (2,6-i-PrPh)2DABMe2lPdMe2 
20 A Schlenk flask containing a mixture of [(2,6-i- 

PrPh)2DABMe2] PdMeCl (2.00 g, 3.57 mmol) and 0.5 equiv 
of Me2Mg (97.2 mg, 1.79 mmol) was cooled to -78 °C, and 
the reaction mixture was then suspended in 165 mL of 
Et20 The reaction mixture was allowed to warm to room 
25 temperature and then stirred for 2 h, and the resulting 
brown solution was then filtered twice. Cooling the 
solution to -30 oc yielded brown single crystals (474.9 
mg, 24.6%, 2 crops): NMR (CgD^, 400 MHz) 6 7.2-7.1 

(m, 6, Haryl), 3.17 (septet, 4, J = 6.92, CHMe2) , 1.39 
30 (d 12 J = 6.74, CHMeMe'), 1.20 (N=C (Me) -C (Me) =N) , 

1 03 (d 12, J = 6.89, CHMeMe'), 0.51 (s, 6, PdMe) ; ^^C 
NMR (C^De, 100 MHZ) 5 168.4 (N=C-C=N), 143.4 (Ar : 
Cipso), 138.0 (Ar: Co), 126.5 (Ar: Cp) , 123.6 (Ar: C.) , 
28 8 (CHMe2), 23.6 and 23.5 (CHMeMe'), 19.5 (N=C(Me)- 
35 C(Me)=N), -4.9 (JcH =127.9, PdMe).. Anal. Calcd for 

^ cQ xj R • N 5.18. Found: C, 

(C3oH46N2Pd) : C, 66.59; H, 8.57, JM , 

66.77; H, 8.62; N, 4.91. 
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[ (2,6-i-PrPh)2DABH2lPdMe2 
The synthesis of this compound in a manner 
analogous to Example 10, using 3.77 mmol of ArN=C(H)- 
C(H)=NAr and 1.93 mmol of MezMg yielded 722.2 mg 
(37 4%) of a deep brown microcrystalline powder upon 
recrystallization of the product from a hexane /toluene 

solvent mixture. 

This compound was also synthesized by the 
following method: A mixture of Pd(acac)2 (2.66 g, 8.72 
mmol) and corresponding diimine (3.35 g, 8.90 mmol) was 
suspended in 100 mL of Et^O, stirred f or 0 . 5 h at room 
temperature, and then cooled to -78oC. A solution of 
Me^Mg (0.499 g, 9.18 mmol) in 50 mL of Et^O was then 
added via cannula to the cold reaction mixture. After 
stirring for 10 min at -78oC, the yellow suspension was 
allowed to warm to room temperature and stirred for an 
additional hour. A second equivalent of the diimine 
was then added to the reaction mixture and stirring was 
continued for -4 days. The brown Et20 solution was 
then filtered and the solvent was removed in vacuo to 
yield a yellow-brown foam. The product was then 
extracted with 75 mL of hexane, and the resulting 
solution was filtered twice, concentrated, and cooled 
to -30OC overnight to yield 1.43 g (32.0%) of brown 
powder: NMR (CeD^, 400 MHz) 5 7.40 (s, 2, N=C(H)- 

C(H)=N), 7.12 (s, 6, Haryl), 3-39 (septet, 4, J = 6.86, 
C«Me2), 1-30 (d, 12, J = 6.81, CHMeMe-), 1-07 (d, 12, J 
- 6 91, CHMeMe'), 0.77 (s, 6, PdMe) ; ^^C NMR (ceD^, 100 
MHZ) 8 159.9 (JCH = 174. 5-, N=C(H) -C(H) =N) , 145.7 (Ar : 
Cipso), 138.9 (Ar: Co), 127.2 (Ar: Cp),. 123.4 (Ar : C.) , 
28.5 (CHMe2). 24.4 and 22.8 (CHMeMe'), -5.1 (Jch - 
128 3 PdMe). Anal. Calcdfor (C28H42N2Pd) : C, 65.55, 
H, 8.25; N, 5.46. Found: C, 65.14; H, 8.12; N, 5.14. 
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[ (2 , 6-MePh) 2DABH2] PdMe2 
This compound was synthesized in a manner similar 
to the second procedure of Example 11 (stirred for 5 h 
5 at rt) using 5.13 mmol of the corresponding diimine and 
2.57 mmol of Me2Mg . After the reaction mixture was 
filtered, removal of Et20 in vacuo yielded 1.29 g 
(62.2%) of a deep brown microcrystalline solid: NMR 
(CeDg, 100 MHz, 12°C) 8 6.98 (s, 2, N=C (H) -C (H) =N) , 
10 6.95 (S, 6, Haryl) / 2.13 (s, 12, Ar : Me), 0.77 (s, 6, 
PdMe) ; NMR (CeDe, 400 MHz, 12°C) 5 160.8 (Jch = 

p 174.6, N=C(H) -C(H) =N) , 147.8 (Ar : Cipso) / 128.2 (Ar : 

CI Cm), 128.15 (Ar: Co), 126.3 {Ar: Cp) , 18.2 ( Ar : Me), - 

5.5 (JcH = 127.6, Pd-Me) . 
Si 15 g^^^mple 13 

■ ^ ' [ (2,6-i-PrPh)2DABH2]NiMe2 

hi The synthesis of this compound has been reported 

(Svoboda, M. ; torn Dieck, H. J. Organomet, Chem. 1980, 
191, 321-328) and was modified as follows: A mixture 
20 of Ni(acac)2 (1.89 g, 7.35 mmol) and the corresponding 
diimine (2.83 g, 7.51 mmol) was suspended in 75 mL of 
U, Et20 and the suspension was stirred for 1 h at room 

temperature. After cooling the reaction mixture to - 
78 °C, a solution of Me2Mg (4 01 mg, 7.3 7 mmol) in 2 5 mL 
25 of Et20 was added via cannula. The reaction mixture 

was stirred for 1 h at -78°C and then for 2 h at 0*=>C to 
give a blue-green solution. After the solution was 
filtered, the Et20 was removed in vacuo to give a blue- 
green brittle foam. The product was then dissolved in 
30 hexane and the resulting solution was filtered twice, 
concentrated, and then cooled to -30°C to give 1.23 g 
(35.9% , one crop) of small turquoise crystals. 

Example 14 
[ (2, 6-i-PrPh)2DABMe2]NiMe2 
35 The synthesis of this compound has been reported 

(Svoboda, M.; tom Dieck, H. J". Organomet. Chem. 1980, 
191, 321-328) and was synthesized according to the 
above modified procedure (Example 13) using Ni(acac)2 
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(3.02 g, 11.75 mmol), the corresponding diimine (4.80 
g, 11.85 mmol) and Me2Mg (640 mg, 11.77 mmol). A 
turquoise powder was isolated (620 mg, 10.7%). 

{ [ (2, 6-MePh) sDABMej] PdMe (MeCN) }BAF" 
To a mixture of [ (2 , 6-MePh) sDABMes] PdMeCl (10 9.-5 
mg, 0.244 mmol) and NaBAF (216.0 mg, 0.244 mmol) were 
added 2 0 ml. each of EtaO and CH2CI2 and 1 mL of CH3CN. 
The reaction mixture was then stirred for 1.5 h and 
then the NaCl was removed via filtration. Removal of 
the solvent in vacuo yielded a yellow powder, which was 
washed with 50 mL of hexane . The product (269.6 mg, 
83.8%) was then dried in vacuo: NMR (CD2CI2, 4 00 

MHz) 5 7.73 (s, 8, BAF: Ho)/ 7.57 (s, 4, BAF : Hp), 
7.22-7.16 (m, 6, Haryl) / 2.23 (s, 6, Ar : Me), 2.17 (s, 
6, Ar' : Me), 2.16, 2.14, and 1.79 (s, 3 each, N=C (Me) - 
C'(Me)=N, NCMe) , 0.38 (s, 3, PdMe); i^cNMR (CD2CI2, 
100 MHz) 5 180.1 and 172.2 (N=C-C'=N), 162.1 (q, Jbc = 
49.9, BAF: Cipso) / 142.9 (Ar, Ar ' : Co)/ 135.2 (BAF: Co)/ 

129.3 (Ar: C^n) / 129.2 (q, Jcf = 30.6, BAF: C^) , 129.0 
(Ar' : C^n) , 128.4 (Ar: Cp) , 128.2 (Ar : Co)/ 127.7 ( Ar ' : 
Cp) , 127.4 (Ar' : Co), 125.0 (q, Jcf = 272.4, BAF: CF3 ) , 
121.8 (NCMe), 117.9 (BAF: Cp) , 20.2 and 19.2 (N=C (Me) - 
C'(Me)=N), 18.0 (Ar: Me), 17. -9 ( Ar • : Me), 5.1 and 2.3 

(NCMe, PdMe). Anal. Calcd for (C55H42BF24N3Pd) : C, 
50.12; H, 3.21; N, 3.19. Found: C, 50.13; H, 3.13, N, 
2.99. 

S^^^mple 16 
{ [ (4-MePh) aDABMeal PdMe (MeCN) }BAF" 
Following the procedure of Example 15, a yellow 
powder was isolated in 85% yield: ^H NMR (CD2CI2/ 400 
MHz) 5 7.81 (s, 8, BAF: Ho), 7.73 (s, 4, BAF: Hp), 7.30 
(d, 4, J = 8.41, Ar, Ar ' : H^,) , 6.89 (d, 2, J = 8.26, 
Ar: Ho)/ 6.77 (d, 2, J = 8.19, Ar ' : Ho) / 2.39 (s, 6, 
Ar, Ar' : Me), 2.24, 2.17 and 1.93 (s, 3 each, N=C (Me) - 
C'(Me)=N, NCMe)Pd-Me; ^^C NMR (CD2CI2/ 100 MHz) 5 180.7 
and 171.6 (N=C-C'=N), 162.1 (q, Jbc = 49.8, BAF: Cipso)/ 

143.4 and 142.9 (Ar, Ar ' : Cipso)/ 138.6 and 138.5 (Ar, 
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Ar': Cp), 135.2 (BAF: C^) , 130.6 and 130.4 (Ar, Ar ' : 
C^), 129.3 (q, JCF = 31.6, BAF: C„) , 125.0 (q, JcF = 
272 5, BAF: CF3) , 122.1 (NCMe) , 121.0 and 120.9 (Ar, 
Ar'- Co), 117.9 (BAF: Cp) , 21.5 (ArN=C (Me) ) , 21.1 (Ar, 
AT' - Me). 19.7 (ArN=C' (Me)), 6.2 and 3.0 (NCMe, PdMe) . 
Anal. Calcd for (C53H38BFa4N3Pd) : C 49.34; H, 2.97: N, 
3.26. Found: C, 49.55; H, 2.93; N, 3.10. 

^■Xf^^^pT-e 17 
[(2,6 -MePh) aDABMej] PdMe (EtjO) BAF" 
A Schlenk- flask containing a mixture of [(2,6-i- 
PrPh) aDABMea] PdMe^. (501 mg, 0.926 mtnol) and 
HMOEt2)2BAF- (938 mg, 0.926 mmol) was cooled to -78«>C.' 
Following the addition of 50 mL of EtaC the solution 
was allowed to warm and stirred. brief ly (-15 min) at 
room temperature. The solution was then filtered and 
the solvent was removed in vacuo to give a pale orange 
powder (1-28 g, 94.5%), which was stored at -300C under 
an inert atmosphere: NMR (CD^Cl^, 400 MHz, -60^0 

5 7 71 (S, 8, BAF: Ho), 7.58 (s, 4, BAF: Hp), 7.4 - 7.0 
(m, 6, H..yi), 3.18 (q, 4, J = 7.10, 0(CH.CH3)2), 2.86 
(septet, 2, J = 6.65, CHMez) , 2.80 (septet, 2, J - 

6 55, C-flMea), 2.18 and 2 . 15 (N=C (Me) -C ■ (Me) =N) , 1.34, 
1 29, 1.14 and 1.13. (d, 6 each, J = 6.4-6.7, CHMeMe ' , 
C'HMeMe'), 1.06 (t, J = 6.9, 0(CH2CH3)2), 0.33 (s, 3, 

25 PdMe); ^^C NMR (CD^Cl^, 100 MHz, -60°C) 5 179.0 and 
172.1 (N=C-C'=N), 161.4 (q, JbC = 49.7, BAF: Cipso) , 
140.21 and 140.15 (Ar, Ar ' : Cipso) , 137.7 and 137.4 
(Ar, Ar-: Co), 134.4 (BAF: Cp) , 128.3 (q, JcF = 31.3, 
BAF: 128.5 and 128.2 (Ar, Ar ' : Cp) , 124.2 (q, JcF 

- 272 4, BAF: CF3), 117.3 (BAF: Cp) , 71.5 (O (CH2CH3 ) 2 ) , 
28.7 (CHMe2), 28.4 (C'HMe^), 23.7, 23 . 6 , 23 . 1 and 22 . 6 
(CHMeMe-, C'HMeMe'), 21.5 and 20.7 (N=C (Me) -C ' (Me) =N) , 
14.2 (0(CH2CH3)2)2, 8.6 (PdMe). Anal. Calcd for 
(CesH65BF24N20Pd) : C 53.35; H, 4.48; N, 1.91. Found: 
35 C, 53.01; H, 4.35; N, 1.68. 
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p.y ample 18 
[ (2 , 6-MePh) 2DABH2] PdMe (EtjO) BAF' 
Following the procedure of Example 17, an orange 
powder was synthesized in 94.3% yield and stored at - 
5 30°C- NMR (CD^Cla, 400 MHz, -6OOC) 5 8.23 and 8.20 

(s, 1 each, N=C(H)-C-(H)=N). 7.72 (s, 8, BAF: Ho), 7.54 
(S 4, BAF: Hp), 7.40 - 7.27 (m, 6, Haryl) , 3.32 (q, 4, 
J 1 6.90. 0(CH2CH3)2), 3.04 and 3.01 (septets, 2 each, 
J = 6 9 - 7 1, CHMe2 and C-HMea), 1-32, 1.318, 1.14 and 
10 1 10 '(d, 6 each, J = 6.5 - 6.8, CHMeMe ' . and C'HMeMe'), 
1 21 (t, 6, J = 6.93, 0(CH2CH3)2). 0.70 {s, 3, PdMe) ; 
13c NMR (CD2CI2, 100 MHZ, -6OOC) 5 166.9 (JcH = 182.6, 
N=C(H)), 161.5 (Jbc .= 49.7, BAF: Cipso) , 161.3 . (JcH - 
181.6, N=C'm)). 143.0 and 141.8 (Ar, Ar' : Cipso) . 
15 138.7 and 137.8 (Ar, Ar': C.) , 134.4 (BAF: C.) , 129 1 
and 128.8 (Ar, Ar": Cp) , 128.3 (JcF = 31.3, BAF: C.) , 
124 0 and 123.9 (Ar, Ar • : C.) , 117.3 (BAF: Cp) , 72.0 
(0(CH2CH3)2), 28.5 and 28.4 (CHMe^, C'HMea), 25.2 24.1, 
21 9 and 21.7 (CHMeMe', CHMeMe'), 15.2 (O {CH2CH3) 2) , 
20 11.4 (JcH = 137.8, PdMe). Anal. Calcd for 

(Ce3HexBF24N20Pd) : C , 52 . 72 ; H, 4 . 28 ; N, 1 . 95 . Found: 
C, 52.72; H, 4 . 26 ; N, 1 . 86 . 

^.y^^FP"'^ 19 
[(2,6 -MePh) sDABMea] NiMe (EtjO) BAF 
25 Following the procedure of Example 17, a magenta 

powder was isolated and stored at -300C: ^H NMR 
(CD2CI2, 400 MHZ, -60°C; A H2O adduct and free EtaO 
were observed.) 5 7.73 (s, 8, BAF: Ho), 7.55 (s, 4 
BAF: Hp), 7.4 - 7.2 (m, 6, Haryl) - 3.42 (s, 2, OH,). 
30 3.22 (q, 4, 0(CH.CH3)2), 3.14 and 3.11 (septets 2 
• each, J = 7.1, CHMe2, C'HMe^), 1.95 and 1.78 (s, 

each, N=C(Me)-C-(Me)=N), 1.42, 1.39, 1.18 and 1.11 (d, 
6 each J = 6.6 - 6.9, CHMeMe' and CHMeMe'), 0.93 (t, 
J = 7.5, 0(CH2CH3)2), -0.26 (s ,3, NiMe); "C NMR 
35 (CD.C1. 100 MHZ, -580C) 5 175.2 and 170.7 (N=C-C'=N), 
161.6 (q, Jbc = 49.7, BAF: Cipso) , 141-2 (Ar: Cipso , 
139 16 and 138.68 (Ar, Ar': Co), 136.8 (Ar': Cipso), 
134.5 (BAF: Co), 129.1 and 128.4 (Ar, Ar ' : Cp) , 128.5 
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(q, JcF = 32.4, BAF: C^i) / 125.0 and 124.2' (Ar, Ar ' : 
C^) , 124.3 (q, JcF = 272.5, BAF: CF3) , 117.4 (BAF: Cp) , 
66.0 (0{CH2CH3) 2) / 29.1 (CHMes), 28.9 {C'HMe2), 23.51, 
23.45, 23.03, and 22.95 {CUMeMe \ C'HMeMe'), 21.0 and 
19.2 (N=C(Me) (Are)=N) , 14.2 (0CH2CH3)2)/ -0.86 (Jch = 
131.8, NiMe) . Anal. Calcd for (C65H65BF24N2NiO) : C, 
55.15; H, 4.63; N, 1.98. Foiind : C, 54.74; H, 4.53; N, 
2 . 05 . 

[(2,6 -MePh) 2DABH2] NiMe (EtaO) BAF* 
Following the procedure of Example 17, a purple 
powder was obtained and stored at -30°C: NMR 
(CD2CI2, 400 MHz, -80°C; H2O and Et20 adducts were 
observed in an 80:20 ratio, respectively.) 5 8.31 and 
8.13 (s, 0.8 each, N=C (H) -C ' (H) =N; H2O Adduct) , 8.18 
and 8.00 (s, 0.2 each, N=C (H) -C ' (H) =N; EtsO Adduct), 
7.71 (S, 8 BAF: Co), 7.53 (s, 4, BAF: Cp) , 7.5 - 7,0 
(m, 6, Haryl) / 4.21 (s, 1.6, OH2) , 3.5 - 3.1 (m, 8, 
0(CH2CH3)2, CHMe2, C'fiMe2)/ 1.38, 1.37, 1,16 and 1.08 
(d, 4.8 each, CHMeMe ' , C ' UMeMe ' ; H2O Adduct ; These 
peaks overlap with and obscure the CHMe^ doublets of 
the Et20 adduct.), 0.27 (s, 2.4," PdMe; H2O Adduct), 
0.12 (s, 0.6, PdMe: Et20 Adduct) . 

Examples 21-23 
The rate of exchange of free and bound ethylene 
was determined by NMR line broadening experiments at 
-85°C for complex (XI) , see the Table below. The NMR 
instrument was a 400 MHz Varian® NMR spectrometer. 
Samples were prepared according to the following 
procedure: The palladium ether adducts {[(2,6-i- 
PrPh) 2DABMe2] PdMe (OEt2) }BAF, { [(2,6-i- 
PrPh) 2An] PdMe (OEt2 ) } BAF , and {[(2,6-i- 

PrPh) 2DABH2] PdMe (OEt2) }BAF were used as precursors to 
(XI) , and were weighed (-15 mg) in a tared 5 mm dia. 
NMR tube in a nitrogen- filled drybox. The tube was 
then capped with a septum and Parafilm® and cooled to 
-80°C. Dry, degassed CD2CI2 (700 |aL) was then added to 
the palladium complex via gastight syringe, and the 
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tube was shaken and warmed briefly to give a 
homogeneous solution. After acquiring a -85°C NMR 
spectrum, ethylene was added to the solution via 
gastight syringe and a second NMR spectrum was acquired 
at -8 5°C. The molarity of the BAF count erion was 
calculated according to the moles of the ether adduct 
placed in the NMR tube. The molarity of (XI) and free 
ethylene were calculated using the BAF peaks as an 
internal standard. Line -widths (W) were measured at 
half-height in units of Hz for the complexed ethylene 
signal (usually at 5 to 4 ppm) and were corrected for 
line widths (Wo) in the absence of exchange. 

For (XI) the exchange rate was determined 
from the standard equation for the slow exchange 
approximation : 

k = (W - Wo) 7c/ [=] / 
where [=] is the molar concentration of ethylene. 
These experiments were repeated twice and an average 
value is reported below. 

Rate Constants for Ethylene Exchange^ 



Ex. 



(XI) 



21 
22 
23 



{ [ (2,6-i-PrPh) 2DMMe2l PdMe ( = ) }BAF 

{ [ (2,6-i-PrPh)2An] PdMe( = ) }BAF 
{ t (2,6-i-PrPh)2DABH2]PdMe(=) }BAF 



45 
520 
8100 



aThe Ti of free ethylene is 15 sec. A pulse delay of 6 0 sec and a 
3 0° pulse width were used. 



25 



30 



p-if ample 24 

Anhydrous FeClj (228 mg, 1.8 mmol) and (2,6-i- 
PrPh)2DABAn (1.0 g. 2.0 mmol) were combined as solids 
and dissolved in 40 ml of CH2CI2 • The mixture was 
stirred at 2 5°C for 4 hr. The resulting green solution 
was removed from the unreacted FeClj via filter 
cannula. The solvent was removed under reduced 
pressure resulting in a green solid (0.95 g, 84% 
yield) . 
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A portion of the green solid (40 mg) was 
immediately transferred to another Schlenk flask and 
dissolved in 50 ml of toluene under 1 atm of ethylene. 
The solution was cooled to 0°C, and 6 ml of a 10% MAO 
solution in toluene was adjded. The resulting purple 
solution was warmed to 25°C and stirred for 11 hr. The 
polymerization was quenched and the polymer 
precipitated by acetone. The resulting polymer was 
washed with 6M HCl, water and acetone. Subsequent 
drying of the polymer resulted in 60 mg of white 
polyethylene. NMR (CDCI3, 200 MHz) 51.25 (CH2, CH) 5 

0 .85 (m, CH3) . 

E:>^an\ple 25 

(2-t;-BuPh) aDABMea . 

A Schlenk tube was charged with 2- t-butylaniline 
(5.00 mL, 32.1 mmol). and 2 , 3 -butanedione (1.35 mL> 15.4 
mmol) . Methanol (10 mL) and formic acid (1 mL) were 
added and a yellow precipitate began to form almost 
immediately upon stirring. The reaction mixture was 
allowed to stir overnight. The resulting yellow solid 
was collected via filtration and dried under vacuum. 
The solid was dissolved in ether and dried over Na2S04 
for 2-3 h. The ether solution was filtered, condensed 
and placed into the freezer (-30°C) . Yellow crystals 
were isolated via filtration and dried under vacuum 
overnight (4.60 g, 85.7%) : NMR (CDCI3, 250 MHz) 5 

7.41 (dd, 2H, J = 7.7, 1.5 Hz, Hm) , 7.19 (td, 2H, J= 7.5, 
1.5 Hz, Hm or Hp), 7.07 (td, 2H, J = 7.6, 1.6 Hz, Hm or 
Hp), 6.50 (dd, 2H, J = 7.7, 1.8 Hz, Hq) , 2.19 (s, 6H, 
N=C(Me) -C(Me)=N) , 1.34 (s, 18H, C(CH3)3). 

Examples 2 6 and 2 7 

General Polymerization Procedure for Examples 26 
and 27: In the drybox, a glass insert was loaded with 
[ (T13-C3H5) Pd(^-Cl) ] 2 (11 mg, 0.03 mmol), NaBAF (53 mg, 
0.06 mmol), and an a-diimine ligand (0.06 mmol). The 
insert was cooled to -3 5°C in the drybox freezer, 5 mL 
of CgDg was added to the cold insert, and the insert 
was then capped and sealed. Outside of the drybox, the 
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cold tube was placed under 6 . 9 MPa of ethylene and 
allowed to warm to RT as it was shaken mechanically for 
18 h. An aliquot of the solution was used to acquire a 

NMR spectrum. The remaining portion was added to 
--20 mL of MeOH in order to precipitate the polymer. 
The polyethylene was isolated and dried under vacuum 

Example 2 6 

a-Diimine was (2 , 6-i-PrPh)'2DABMe2 . Polyethylene 
(50 mg) was isolated as a solid. NMR spectrum 

(CeDe) is consistent with the production of 1- and 2- 
butenes and branched polyethylene. 

a-Diimine. was (2 , 6-i-PrPh) 2DABAn . Polyethylene 
(17 mg) was isolated as a solid. NMR spectrum 

(CgDe) is consistent with the production of branched 
polyethylene. 

Example 2 8 
[ ( 2 , 6 - i - PrPh) 2DABH2] NiBra 
The corresponding diimine (98 0 mg, 2.61 mmol) was 
dissolved in 10 mL of CH2CI2 in a Schlenk tube under a 
N2 atmosphere. This solution was added via cannula to 
a suspension of (DME)NiBr2 (DME = 1 , 2-dimethoxyethane) 
(787 mg, 2.55 mmol) in CH2CI2 (20 mL) . The resulting 
red/brown mixture was stirred for 20 hours. The 
solvent was evaporated under reduced pressure resulting 
in a red/brown solid. The product was washed with 3 x 
10 mL of hexane and dried in vacuo. The product was 
isolated as a red/brown powder (1.25 g, 82% yield) . 

Example 29 
[ (2, 6-i-PrPh)2DABMe2]NiBr2 
Using a procedure similar to that of Example 28, 
500 mg (1.62 mmol) (DME)NiBr2 and 687 mg (1.70 mmol) of 
the corresponding diimine were combined. The product 
was isolated as an orange/brown powder (670 mg, 67% 
yield) . 



155 



Example 3 0 
[ (2 , 6-MePh) 2DABH2] NiBra 
Using a procedure similar to that of Example 28, 
500 mg (1.62 mmol) (DiyiE)NiBr2 and 448 mg (1.70 mmol) of 
the corresponding diimine were combined. The product 
was isolated as a brown powder (622 mg, 80% yield) . 

Example 31 
[ (2,6-i7PrPh)2DABAn]NiBr2 
Using a procedure similar to that of Example 28, 
500 mg (1.62 mmol) (DiyiE)NiBr2 and 850 mg (1.70 mmol) of 
the corresponding diimine were combined. The product 
was isolated as a red powder (998 mg, 86% yield) . 
Anal. Calcd. for C36H4oN2Br2Ni : C, 60.12; H, 5.61; N, 
3.89. Found C, 59.88; H, 5 . 20 ; N, 3 . 52 . 

PxamplQ 32 

[(2,6 -MePh) aDABAn] NiBr2 
The corresponding diimine (1.92 g, 4.95 mmol) and 
(DME)NiBr2 (1.5 g, 4.86 mmol) were combined as solids 
in a flame dried Schlenk under an argon atmosphere. To 
this mixture 3 0 mL of CH2CI2 was added giving an orange 
solution. The mixture was stirred for 18 hours 
resulting in a red/brown suspension. The CH2CI2 was 
removed via filter cannula leaving a red/brown solid. 
The product was washed with 2 x 10 mL of CH2CI2 and 
dried under vacuum. The product was obtained as a 
red/brown powder (2.5 g, 83% yield). 

Example 3 3 
[ (2, 6-MePh) 2DABMe2]NiBr2 
Using a procedure similar to that of Example 32, 
the title compound was made from 1.5 g (4.86 mmol) 
(DME)NiBr2 and 1.45 g (4.95 mmol) of the corresponding 
diimine. The product was obtained as a brown powder 
(2 . 05 g, 81% yield) . 

S;?^amplg 34 
[ (2 , 6-i-PrPh) zDABMez] PdMeCl 
(COD) PdMeCl (9.04 g, 34.1 mmol) was dissolved in 
2 00 ml of methylene chloride. To this solution was 
added the corresponding diimine (13.79 g, 34.1 mmol). 
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The resulting solution rapidly changed color from 
yellow to orange -red. After stirring at room 
temperature for several hours it was concentrated to 
form a saturated solution of the desired product, and 
5 cooled to -40°C overnight. An orange solid 

crystallized from the solution, and was isolated by 
filtration, washed with petroleum ether, and dried to 
afford 12.54 g of the title compound as an orange 
powder. Second and third crops of crystals obtained 
10 from the mother liquor afforded an additional 3.22 g of 
product. Total yield = 87%. 

Examples 35-39 
The following compounds were made by a method 
Ei similar to that used in Example 34 . 

S ' - 

s.j. Example Compound 

y 35 [ (2, 6-i-PrPh) 2DABH2] PdMeCl 

L 3 6 [ (2, 6-i-PrPh) aDABAn] PdMeCl 

0=1 37 [ (Ph) aDABMej] PdMeCl 

0*^ 20 38 [ (2, 6-EtPh) sDABMea] PdMeCl 

p 3 9 [{ 2,4,6 -MePh)2DABMe2] PdMeCl 

H- 

Note: The diethyl ether complexes described in 
Examples 41-46 are unstable in non- coordinating. 

25 solvents such as methylene chloride and chloroform. 
They are characterized by NMR spectra recorded in 
CD3CN; under these conditions the acetonitrile adduct 
of the Pd methyl cation is formed. Typically, less 
than a whole equivalent of free diethylether is 

30 observed by NMR when [ (R) 2DAB (R » ) 2] PdMe (OEt2) X is 
dissolved in CD3CN. Therefore, it is believed the 
complexes designated as " { [ (R) 2DAB (R ' ) 2I PdMe (OEt2) }X" 
below are likely mixtures of 

{ [ (R) 2DAB (R- ) 2] PdMe (OEt2) }X and [ (R) 2DAB (R ' ) 2] PdMeX, and 
35 in the latter complexes the X ligand (SbFg, BF4 , or 

PFg) is weakly coordinated to palladium. A formula of 
the type " { [ (R) 2DAB (R' ) 2] PdMe (OEt2) }X" is a "formal" 
way of conveying the approximate overall composition . of 
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this compound, but may not accurately depict the exact 
coordination to the metal atom. 

Listed below are the ^^C NMR data for Example 36. 

l^C NMR data 
TCB, 120C, 0.05M CrAcAc 

46.5568 24.6005 1 cmp and/or 1,3 ccmcc 



44.9321 



3.42517 1,3 cmc 



40.8118 55.4341 2 ptnp 



145.916 1,3 pmp 

18.458 methylenes from 2 cmp and/or 2 cmc 



40.3658 
39,5693 

38.7782 4.16118 

38.6295 5.84037 

38.2844 8.43098 

38.1198 8.29802 

37.8384 3.83966 

37.5198 13.4977 

37.2384 23.4819 

37.1163 16.8339 

36.7446 114.983 

36.0012 6.19217 

35.7198 5.17495 

34.2278 4.83958 

32.9216 20.2781 335-^, 3E0C 

32.619 3.6086 

32.4172 .2.98497 

32:1995 10.637 

31.9765 42.2547 

31.8809 143.871 

30.4686 27,9974 

30.3199 47.1951 

30.0225 36.1409 

29.7411 102.51 

29.311 4.83244 

28.7111 117.354 

28.2597 9.05515 

27.1659 22.5725 

27.0067 5.81855 

26.1146 13.5772 y 

24 5642 2.59695 PpB^ 

22.6368 12.726 . 2B5+, 2EOC 

20.1413 3.7815 2B3 

19.7271 20.0959 IBi 

17.5236 7.01554 end group 

14.2528 3.03535 IB3 

13.8812 12.3635 IB4+, lEOC 



{ [ (4-Me2NPh) sDABMesl PdMe (MeCN) jSbFe'MeCN 
A procedure analogous to that used in Example 54, 
using (4-Me.NPh)2DABMe2 in place of (2-CeH4-^Bu) ^DABMe^ , 
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afforded ( [ (4-N]y[e2Ph) 2DABMe2] PdMe (MeCN) JSbFg-MeCN as a 
purple solid (product was not recrystallized in this 
instance). NMR {CD2CI2) 5 6.96 (d, 2H, Haryl) / 6.75 

(mult, 6H, Haryl) / 3.01 (s, 6U, NMe2), 2.98 (s, SK, 
NMe»2)/ 2.30, 2.18, 2.03, 1.96 (s's, 3H each, N=CMe, 
N=CMe*, and free and coordinated N=CMe) , 0,49 (s, 3H, 
Pd-Me) . 

gpcample 41 
{ [ (2,6-i-PrPh)2DABMe2]PdMe(Et20)n}SbF6' 

[ (2 , 6-i-PrPh) zDABMej] PdMeCl (0.84 g, 1.49 mmol) was 
suspended in 50 mL of diethylether and the mixture 
cooled to -4 0°C. To this was added AgSbFg (0.52 g, 
1.50 mmol) . The reaction mixture was allowed to warm 
to room temperature, and stirred at room temperature 
for 9 0 min. The reaction mixture was then filtered, 
giving a pale yellow filtrate and a bright yellow 
precipitate. The yellow precipitate was extracted with 
4 X 20 mL 50/50 methylene chloride/diethyl ether. The 
filtrate and extracts were then combined with an 
additional 3 0 mL diethyl ether. The resulting solution 
was then concentrated to half its original volume and 
100 mL of petroleum ether added. The resulting 
precipitate was filtered off and dried, affording 1.04 
g of the title compound as a yellow-orange powder (83% 
yield). NMR (CD3CN) 8 7.30 (mult, 6H, Haryl)/ 3.37 

[q, free 0(CH2CH3)2]/ 3.05-2.90 (overlapping sept's, 
4H, CJiMes), 2.20 (s, 3H, N=CMe) , 2.19 (s, 3H, N=CMe M , 
1.35-1.14 (overlapping d's, 24H, CHMe2) / 1.08 (t, free 
0(CH2CH3) 23, 0.28 (s, 3H, Pd-Me). This material 
contained 0.4 equiv of Et20 per Pd, as determined by 
NMR integration. 

Example 4 2 
{ [ (2,6-i-PrPh)2DABMe2]PdMe (Et20)n}BF4" 
A procedure analogous to that used in Example 41, 
using AgBF4 in place of AgSbFe, afforded the title 
compound as a mustard yellow powder in 61% yield. This 
material contained 0.3 equiv of EtaO per Pd, as 
determined by NMR integration. NMR in CD3CN was 
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otherwise identical to that of the compound made in 
Example 41. 

TT.ypmpTe 43 
{ [ (2 , 6-i-PrPh) aDABMea] PdMe (EtaO) „}PF6 
A procedure 'analogous to that used in Example 41, 
using AgPFe in place of AgSbFg, afforded the title 
compound as a yellow-orange powder in 72% yield. Th.s 
material contained 0.4 equiv of Et^O per Pd, as 
0 determined by NMR integration. ^^H NMR in CD3CN was 
identical to that of the compound of Example 41. 

{ [(2,6-i-PrPh)2DABH2]PdMe(Et20)n}SbF6 
A procedure 'analogous to that used in Example 41, 
5 using [ (2 , 6-i-PrPh) 2DABH2] PdMeCl in place of [(2,6-x- 
PrPh)2DABMe2]PdMeCl, afforded the title compound xn 71^ 
yield. NMR (CD3CN) 8 8.30 (s, 2H, N=CH and N=CH'), 

7.30 (s, 6H, Ha^l), 3.37 [q, f ree O (CH2CH3) . .3 . 15 
(br, 4H, CHMe2). 1. 40-1 ! 10 (br, 24H, CHMe^) , 1-08 (t 
20 free 0(CH2CH3)2], 0.55 (s, 3H, Pd-Me). This material 

contained 0.5 equiv of Et^O per Pd, as determined by H 
NMR integration. 

FiXfUTP"'^- ^5 
{[(2,4,6 -MePh) zDABMej] PdMe (EtzO) „} SbFg 
25 [(2,4,6-MePh)'2DABMe2]PdMeCl (0.50 g, 1.05 mmol) 

was partially dissolved in 40 mL 50/50 methylene 
chloride/diethylether. To this mixture at room 
temperature was added AgSbFg (0.36 g, 1-05 mmol). The 
resulting reaction mixture was stirred at room 
30 temperature for 45 min. It was then filtered and the 
filtrate concentrated in vacuo to afford an oxly solxd 
The latter was washed with diethyl ether and drxed to 
afford the title compound as a beige powder. NMR 
(CD3CN) 5 6.99 (s, 4H, Haryl) ' 3.38 [q, free 
35 0(CH2CH3)2l, 2.30-2.00 (overlapping s^s, 24H, N=CMe, 

N=CMe' and aryl Me's), 1.08 (t, f ree O (CH2CH3) 2] - 0.15 
(s 3H, Pd-Me) . This material contained 0.7 equxv of 
Et20 per Pd, as determined by MR integration. 
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B?^ampXe 46 
{ [ (2 , 6-i-PrPh) aDABAn] PdMe (EtaO) nlSbFg" 
A procedure analogous to that used in Example 41, 
using [ (2 , 6-i-PrPh) 2DABAn] PdMeCl in place of [(2,6-i- 
PrPh) 2DABMe2] PdMeCl, afforded the title compound in 92% 
yield. NMR (CD3CN) 5 8.22 (br t, 2H, Haryl) / 7.60- 

7.42 (br mult, 8H, Haryl) / 6.93 (br d, IH, Haryl) / 6.53 
(br d, IH /'Haryl ) / 3,38 [q, f ree O (CH2CH3 ) 2] , 3.30 (br 
mult, 4H, CHMe2) / 1.36 (br d, 6H, CHMe2) , 1.32 (br d, 
6H, CHMe2) , 1.08 (t, free 0(CH2CH3)2]/ 1.02 (br d, 6H, 
CHMe2) , 0,92 (brd/6H, CHMe2) , 0.68 (s, 3H, Pd-Me) . 
The amount of ether contained in the product could not 
be determined precisely by NMR integration, due to 
overlapping resonances . 

g?^ample 47 

[ (2 , 6-i-PrPh) aDABMeal PdMe (OSO2CF3) 
A procedure analogous to that used in Example 41, 
using AgOS02CF3 in place of AgSbFe, afforded the title 
compound as a yellow-orange powder. NMR in CD3CN 

was identical to that of the title compound of Example 
41, but without free ether resonances. 

Example 4 8 
{ [ (2, 6-i-PrPh) 2DABMe2] PdMe (MeCN) ISbFg' 
[ (2, 6-i-PrPh) 2DABMe2] PdMeCl (0.40 g, 0.71 mmol) 
was dissolved in 15 mL acetonitrile to give an orange 
solution. To this was added AgSbFg (0.25 g, 0.71 mmol) 
at room temperature. AgCl immediately precipitated 
from the resulting bright yellow reaction mixture. The 
mixture was stirred at room temperature for 3 h. It 
was then filtered and the AgCl precipitate extracted 
with 5 mL of acetonitrile. The combined filtrate and 
extract were concentrated to dryness affording a yellow 
solid. This was recrystallized from methylene 
chloride/petroleum ether affording 0.43 g of the title 
compound as a bright yellow powder (Yield = 75%) . 
NMR (CDCI3) 5 7.35-7.24 (mult, 6H, Haryl)/ 2.91 (mult, 
4H, CJiMe2) / 2.29 (s, 3H, N=CMe) , 2.28 (s, 3H, N=CMe ' ) , 
1.81 (s, 3H, N=CMe) , 1.37-1.19 (overlapping d ' s , 24H, 
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CHMe's), 0.40 (s, 3H, Pd-Me) . This compound can also 
be prepared by addition of acetonitrile to {[{2,6-i- 
PrPh) 2DABMe2] PdMe (EtsO) ISbFg*. 

Example 4 9 

5 { [ (Ph) sDABMej] PdMe (MeCN) ISbFg" 

A procedure analogous to that used in Example 48, 
using [ (Ph) 2DABMe2] PdMeCl in place of [(2,6-i- 
PrPh) 2DABMe2] PdMeCl, afforded the title compound as a 
yellow microcirystalline solid upon recrystallization 
10 from methylene, chloride / petroleum ether. This 

complex crystallizes as the acetonitrile solvate from 
acetonitrile solution at -40°C. NMR of material 

i£i recrystallized from methylene chloride/petroleum ether: 

%] {CDCI3) 5 7.46 (mult, 4H, Haryl) / 7.30 {t/2H, Haryl) / 

SI 15 7.12 (d, 2H,- Haryl)/ 7.00 (d, 2H, Haryl)/ 2.31 (s, 3H, 

f^l N=CMe) , 2.25 (s, 3H, N=:CMe » ) , 1.93 (s, 3H, N=CMe) , 0.43 

(s, 3H, Pd-Me) . 
s_ Example 5Q 

S { [(2,6-EtPh)2DABMe2]PdMe(MeCN) }BAF' 

fti 20 [ (2, 6-EtPh) 2DABMe2] PdMeCl (0.200 g, 0.396 mmol) 

li' was dissolved in 10 mL of acetonitrile to give an 

G 

orange solution. To this was added NaBAF (0.350 g, 
0.396 mmol). The reaction mixture turned bright yellow 
and NaCl precipitated. The reaction mixture was 

25 stirred at room temperature for 30 min and then 

filtered through a Celite® pad. The Celite® pad was 
extracted with 5 mL of acetonitrile. The combined 
filtrate and extract was concentrated in v^acuo to 
afford an orange solid, recrystallization of which from 

30 methylene chloride / petroleum ether at -4 0°C afforded 

0.403 g of the title compound as orange crystals (Yield 
= 74%) . iH NMR (CDCI3) 5 7.68 (s, 8H, Hortho of anion), 
7.51 (s, 4H, Hpara of anion), 7.33-7.19 (mult, 6H, Haryl 
of cation), 2.56-2.33 (mult, 8H, CH2CH3), 2.11 (s, 3H, 

35 N=CMe) , 2.09 (s, 3H, N=CMeM, 1.71 (s, 3H, N=CMe) , 
1.27-1.22 (mult, 12H, CH2CH3) , 0.41 (s, 3H, Pd-Me), 
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Pxample 51 

{ [(2,6-EtPh)2DABMe2]PdMe(MeCN) }SbFe' 
A procedure analogous to that used in Example 50, 
using AgSbFg in place of NaBAF, afforded the title 
5 compound as yellow crystals in 99% yield after 

recrystallization from methylene chloride/petroleum 
ether at -40°C. 

Example 52 
[ (COD) PdMe (NCMe) ] SbFg' 
10 To (COD)PdMeCl (1.25 g, 4.70 mmol) was added a 

solution of acetonitrile (1,93 g, 47.0 mmol) in 20 mL 
p methylene chloride. To this clear solution was added 

AgSbFg (1,62 g, A. 10 mmol). A white solid immediately 
precipitated. The reaction mixture was stirred at room 



M 15 temperature for 45 min, and then filtered. The yellow 

filtrate was concentrated to dryness, affording a 
W yellow solid. This was washed with ether and dried, 

p affording 2.27 g of [ (COD) PdMe (NCMe) ] SbF^' as a light 

yellow powder (yield = 95%). NMR (CD2CI2) 5 5,84 

L- 20 (mult, 2H, CH=CH) , 5.42 (mult, 2H, CH'=CHM, 2,65 

n (mult, 4H, CHR'), 2.51 (mult, 4H, CHH' ) , 2.37 (s, 3H, 



NCMe), 1.18 (s, 3H, Pd-Me) . 

Example 53 
[ (COD) PdMe (NCMe) ] BAF" 
25 A procedure analogous to that used in Example 

52, using NaBAF in place of AgSbFg, afforded the title 
compound as a light beige powder in 96% yield. 
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{ [ (2-t-BuPh) jDABMejl PdMe (MeCN) )SbFs' 
TO a suspension of (2-t-BuPh)2DABMe2 (0.138 g, 
0.355 mmol) in 10 ml, ot ao.tonitrile was added 
r (COD) PdMe (NCMe))SbF6 (0.200 g, 0.395 mmoX). The 
resulting yellow solution was stirred at room 
temperature for 5 min. It was then extracted wrth 3 
XO L of petroleum ether. The yellow aceton.trrle 
pha^ was concentrated to dryness, affording a br.ght 
yellow powder. Recrystallization from methylene 
yeiiow p „ afforded 180 mg of 

chloride/petroleum ether at 40 ^ 
the title product as a bright yellow powder (y.eld 

(rnult, 4H, H,„x,, S.S8 (dd, =H;«-^' _ 
5 2.28 (s, 3H, N.CMa), 3^ 

(s, 3H, N-CMe), 1.48 (s, 18H. tBu), 0.52 (s, 3H, 

{ t (Np) jDABMe,] PdMe (MeCN) )SbF6 
,0 A procedure analogous to that used in Example 54, 

using (Np).DABMe. in place of (2-t-BuPh, .0*BMe. 
afforded the title compound as an --^e powder rn 
yield after two recrystallizations from 
Chloride/petroleum ether, «MK (CD.C 3, 8 8.20-V.19 

^ 9 -^6 (d J = 4.3 Hz, JH, 
25 (mult, 14 H, Haromatic) ' ^-^ ' , , , -.o (= 3H, 

N=CMe), 2.22 (d, J = 1-4 Hz, 3H, N=CMe ■ ) , 1.32 (s, 

NCMe) , 0.22 (s, 3H, ,Pd-Me) . 

{ [ (Ph^CH) 2DABH2] PdMe (MeCN) )ShFe 

^->1a^ used in Example 54, 
A procedure analogous to that usea 1 

• T,,..^ r^f (2-t-BuPh) 2DABMe2/ 
using (Ph2CH)2DABH2 m place of .(2 t bu 

afforded the title compound as a yellow 

=*-.lline solid. NMR (CDCI3) 5 7.69 (s, IH, 

microcrystalline soj.j.u. 

M rHM 7 44-7.08 (mult, 20H, 

•'^"'V V?5 2H : X as (S. 3„, NC„e), 0.7S 

35 Haryl) ' ^'^^ ' ^ ' ' 
(s, 3H, Pd-Me) . 



30 



164 




gxampJ-g 57 
{ [ (2-PhPh) aDABMes] PdMe (MeCN) ISbFe" 
A procedure analogous to that used in Example 54 , 
using (2 -PhPh) 2DABMe2 in place of {2-t-BuPh) 2DABMe2 , 
5 afforded the title compound as a yellow-orange powder 
in 90% yield. Two isomers, due to cis or trans 
orientations of the two ortho phenyl groups on either 
side of the square plane, were observed by NMR. 
NMR (CD2CI2) 5 7.80-6-82 (mult, 18H, Haryl) / 1-98, 1.96, 
10 1.90, 1.83, 1.77, 1.73 (singlets, 9H, N=CMe, N=CMe • , 

NCMe for cis and trans isomers), 0.63, 0.61 (singlets, 
p., 3H, Pd-Me for cis and trans isomers) . 

£1 Example 58 

{ [ (Ph)2DAB(cyclo-CMe2CH2CMe2-) ] PdMe (MeCN) }BAF" 



m 
m 

V! 15 To a solution of [ (COD) PdMe (NCMe) ] BAF (0.3 05 g 



0.269 mmol) dissolved in 15 mL of acetonitrile was 
added N,N' -diphenyl-2 , 2 • ,4,4' -tetramethyl- 
cyclopentyldiazine (0.082 g, 0.269 mmol) . A gold 
colored solution formed rapidly and was stirred at room 

20 temperature for 2 0 min. The solution was then 

extracted with q4 x 5 mL petroleum ether, and the 
acetonitrile phase concentrated to dryness to afford a 
yellow powder. This was recrystallized from methylene 
chloride/petroleum ether at -40°C to afford 0.323 g 

25 (90%) of the title compound as a ye 1 low- orange , 

crystalline solid. NMR (CDCI3) 5 7.71 (s, 8H, Hortho 

of anion), 7.54 (s, 4H, Hpara of anion), 7.45-6.95 
(mult, lOH, Haryl of cation), 1.99 (s, 2H, CH2) , 1.73 
(s, 3H, NCMe), 1.15 (s, 6H, Me2) , 1-09 (s, 6H, Me'2)/ 

30 0.48 (s, 3H, Pd-Me) . 

Example 5 9 

{ [(2,6-i-PrPh)2DABMe2]Pd(CH2CH2CH2C02Me) ISbFg" 
Under a nitrogen atmosphere {[(2,6-i- 
PrPh) sDABMea] PdMe (EtsO) jSbFfi' (3.60 g, 4,30 mmol) was 
35 weighed into a round bottom flask containing a magnetic 
stirbar. To this was added a -40°C solution of methyl 
acrylate (1.85 g, 21.5 mmol) dissolved in 100 ml of 
methylene chloride. The resulting orange solution was 
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stirred for 10 min, while being allowed to warm to room 
temperature. The reaction mixture was then 
concentrated to dryness, affording a yellow-brown 
solid. The crude product was extracted with methylene 
chloride, and the orange-red extract concentrated, 
layered with an equal volume of petroleum ether, and 
cooled to -40°C. This afforded 1 . 92 g of the title 
compound as yellow-orange crystals. An additional 1.39 
g was obtained as a second crop from the mother liquor; 
total yield = 91%. NMR {CD2CI2) 8 7,39-7.27 (mult, 

6H, Haryl). 3.02 (s, 3H, OMe) , 2.97 (sept, 4H, CHMez) . 
2.40 (mult, 2H, CH2) , 2.24 (s, 3H, N=CMe) , 2.22 (s, SH,: 
N=CMe'), 1.40-1.20 (mult, 26H, CHMez and CH2 ' ) , 0.64 
(mult, 2H, CH2 ' ' ) . 

FrXT^mpie go 

{ [(2,6-i-PrPh)2DABH2]Pd(CH2CH2CH2C02Me) } SbFg" 
AgSbFe (0.168 g, 0.489 mmol) was added to a -40°C 
solution of { [(2,6-i-PrPh)2DABH2]PdMeCl (0.260 g, 0.487 
mmol) and methyl acrylate (0.210 g, 2.44 mmol) in 10 mL 
methylene chloride. The reaction mixture was stirred 
for 1 h while warming to room temperature, and then 
filtered. The filtrate was concentrated in vacuo to 
give a saturated solution of the title compound, which 
was then layered with an equal volume of petroleum 
ether and cooled to -40°C. Red-orange crystals 
precipitated from the solution. These were separated 
by filtration and dried, affording 0.271 g of the title 
compound (68% yield). NMR (CD2CI2) § 8.38 (s, IH, 

N=CH) , 8.31 (s, IH, N=CH'), 7.41-7.24 (mult, 6H, 
Haryl) / 3.16 (mult, 7H, OMe and CHMe2) , 2.48 (mult, 2H, 
CH2),- 1.65 (t, 2H, CH2'), 1.40-1.20 (mult, 24H, CHMea) , 
0.72 (mult, 2H, CH2 ' ' ) - 

pyample 61 
{[(2,6-i- 

PrPh) 2DABMe2] Pd (CH2CH2CH2C02Me) } [B (CeFs) 3CI] 
[ (2, 6-i-PrPh) 2DABMe2] PdMeCl (0.038 g, 0.067 mmol) 
and methyl acrylate (0.028 g, 0.33 mmol) were dissolved 
in CD2CI2. To this solution was added B(C6F5)3 (0.036 
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g, 0.070 mmol) . NMR of the resulting reaction 

mixture showed formation of the title compound. 

A 100 mL autoclave was charged with chloroform (50 
mL) , { [ (2-t-BuPh) 2DABMe2] PdMe (NCMe) ISbFg- (0.090 g, 0.12 
mmol), and ethylene (2.1 MPa) . The reaction mixture 
was stirred at 25^C and 2.1 MPa ethylene for 3 h. The 
ethylene pressure was then vented and volatiles removed 
from the reaction mixture in vacuo to afford 2.695 g of 
branched polyethylene. The number average molecular 
weight (Mn) / calculated by NMR integration of 
aliphatic vs. olefinic resonances, was 1600. The 
degree of polymerization, DP, was calculated on the 
basis of the NMR spectrum to be 59; for a linear 
polymer this would result in 18 methyl -ended branches 
per 1000 methylenes. However, based on the NMR 
spectrum the number of methyl-ended branches per 1000 
methylenes was calculated to be 154. Therefore, it may 
be concluded that this material was branched 
polyethylene. NMR (CDCI3) 8 5.38 (mult, vinyl H's), 

1.95 (mult, allylic methylenes), 1.62 (mult, allylic 
methyls), 1.24 (mult, non-allylic methylenes and 
methines) , 0.85 (mult, non-allylic methyls). 

E?^a^mple 63 

A suspension of { [ (2-t- 
BuPh) 2DABMe2] PdMe (NCMe) jSbFg" (0.015 g, 0.02 mmol) in 5 
mL FC-75 was agitated under 2.8. MPa of ethylene for 30 
man. The pressure was then increased to 4 . 1 MPa and 
maintained at this pressure for 3 h. During this time 
the reaction temperature- varied between 25 and 40°C. A 
viscous oil was isolated from the reaction mixture by 
decanting off the FC-75 and dried in vacuo. The 
number average molecular weight (Mn) / calculated by 
NMR integration of aliphatic vs. olefinic resonances, 
was 2 600. DP for this material was calculated on the 
basis of the NMR spectrum to be 95; for a linear 
polymer this would result in 11 methyl -ended branches 
per 1000 methylenes. However, based on the NMR 
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spectrum the number of methyl-ended branches per 1000 
methylenes was calculated to be 177. 

A 100 mL autoclave was charged with chloroform (55 
5 mL) , { [ (2-PhPh)2DABMe2]PdMe(NCMe) }SbF6' (0.094 g, 0.12 
mmol), and ethylene (2.1 MPa) . The reaction mixture 
was stirred at 25°C and 2.1 MPa ethylene for 3 h. The . 
ethylene pressure was then vented and volatiles removed 
from the reaction mixture in vacuo to afford 2.27 g of 
10 a pale yellow oil. Mn was calculated on the basis of 
iH NMR integration of aliphatic vs. olefinic resonances 
to be 200. The degree of polymerization, DP, was 
calculated on the basis of the NMR spectrum to be 
7.2; for a linear polymer this would result in 200 
15 methyl-ended branches per 1000 methylenes. However, 

based on the NMR spectrum the number of methyl-ended 
branches per 1000 methylenes was calculated to be 283. 

p,y ampler 65 

A suspension of [ (2-PhPh) sDABMesl PdMe (NCMe) ISbPg" 
20 (0.016 g, 0.02 mmol) in 5 mL FC-75 was agitated under 
1.4 MPa of ethylene for 3 h 40 min. During this time 
the reaction temperature varied between 23 and 41°C. A 
viscous oil (329 mg) was isolated from the reaction 
mixture by decanting off the FC-75 and dried in vacuo. 
25 Mn was calculated on the basis of NMR integration of 
aliphatic vs. olefinic resonances to be 700. The degree 
of polymerization, DP, was calculated on the basis of 
the iH NMR spectrum to be 24.1; for a linear polymer 
this would result in 45 methyl-ended branches per 1000 
30 methylenes. However, based on the iH NMR spectrum the 
number of methyl-ended branches per 1000 methylenes was 
calculated to be 173 . 

F,yamplP^ 66 

A 100 mL autoclave was charged with FC-75 (50 mL) , 
35 {(Ph2DABMe2)PdMe(NCMe)}SbFr (0.076 g, 0.12 mmol) and 
ethylene (2.1 MPa). The reaction mixture was stirred 
at 24°C for 1.5 h. The ethylene pressure was then 
vented, and the FC-75 mixture removed from the reactor. 
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A small amount of insoluble oil was isolated from the 
mixture by decanting off the FC-75. The reactor was 
washed out with 2 x 50 mL CHCI3, and the washings added 
to the oil. Volatiles removed from the resulting 
5 solution in vacuo to afford 144 mg of an oily solid. 

Mn was calculated on the basis of NMR integration of 
aliphatic vs. olefinic resonances to be 400. The 
degree of polymerization, DP, was calculated on the 
basis of the NMR spectrum to be 13.8; for a linear 
10 polymer this would result in 83 methyl -ended branches 
per 1000 methylenes. However, based on the NMR 
spectrum the number of methyl-ended branches per 1000 
■n methylenes was calculated to be 288. 

5^ )S?<;ample 67 

W 

%^ 15 A 100 mL autoclave was charged with chloroform (50 

mL) , { [ (2,6-EtPh)2DABMe2]PdMe(NCMe) }BAF' (0.165 g, 0.12 
mmol) , and ethylene (2.1 MPa) . The reaction mixture 
was stirred under 2 . 1 . MPa of ethylene for 60 min; 
during this time the temperature inside the reactor 
m 20 increased from 22 to 48°C. The ethylene pressure was 

then vented and volatiles removed from the reaction 
mixture in v^cuo to. afford 15 . 95 g of a viscous oil. 

NMR of this material showed it to be branched 
polyethylene with 135 methyl -ended branches per 1000 
25 methylenes. GPC analysis in trichlorobenzene (vs , a 
linear polyethylene standard) gave Mn = 10,400, Mw = 
22,100. 

Example 6 8 

This was run identically to Example 67, but with 
30 { [(2,6-EtPh)2DABMe2]PdMe(NCMe) ISbFg' (0.090 g, 0.12 
mmol) in place of the corresponding BAF salt. The 
temperature of the reaction increased from 23 to 3 0°C 
during the course of the reaction. 5.2 5 g of a viscous 
oil was isolated, ^'-H NMR of which showed it to be 
35 branched polyethylene with 119 methyl -ended branches 
per 1000 methylenes. 
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A suspension of { [ (Np) aDABMeal PdMe (NCMe) jSbFg" 
(0.027 g, 0.02 mmol) in 5 mL FC-75 was agitated under 
1.4 MPa of ethylene for 3 h; during this time the 
5 temperature inside the reactor varied between 25 and 

40°C. Two FC-75 insoluble fractions were isolated from, 
the reaction mixture. One fraction, a non-viscous oil 
floating on top of the FC-75, was removed by pipette 
and shown by NMR to be branched ethylene oligomers 

10 for which Mn = 150 and with 504 methyl -ended branches 
per 1000 methylenes. The other fraction was a viscous 
oil isolated by removing FC-7 5 by pipette; it was shown 
by NMR to be polyethylene for which Mn = 6 50 and 
with 240 methyl -ended branches per 1000 methylenes. 

15 Example 70 

A suspension of {[ (PhaCH) 2DABH2] PdMe (NCMe) jSbFe' 
(0.016 g, 0.02 mmol) in 5 mL FC-75 was agitated under 
1.4 MPa of ethylene for 3 h 40 min. During this time 
the reaction temperature varied between 23 and 41°C. A 

20 viscous oil (43 mg) was isolated from the reaction 

mixture by decanting off the FC-75 and dried in v^cuo, 
Mn was calculated on the basis of ^'■H NMR integration of 
aliphatic vs. olefinic resonances to be approximately 
2000. The degree of polymerization, DP, was calculated 

25 on the basis of the NMR spectrum to be 73; for a 
linear polymer this would result in 14 methyl -ended 
branches per 1000 methylenes. However, based on the 
NMR spectrum the number of methyl -ended branches per 
1000 methylenes was calculated to be 377. 

30 . E?^ample 71 

A 100 mL autoclave was charged with FC-75 (50 mL) , 
<{Ph2DAB (cyclo -CMe2CH2CMe2- ) } PdMe (MeCN) >BAF" (0.160 g, 
0.12 mmol) and ethylene (2.1 MPa). The reaction 
mixture was stirred at 24-25°C for 3.5 h. The ethylene 

35 pressure was then vented, and the cloudy FC-75 mixture 
removed from the reactor. The FC-75 mixture was 
extracted with chloroform, and the chloroform extract 
concentrated to dryness affording 0.98 g of an oil. Mn 
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was calculated on the basis of NMR integration of 
aliphatic vs. olefinic resonances to be 500. The 
degree of polymerization, DP, was calculated on the 
basisf^f the NMR spectrum to be 19.5; for a linear 
5 polymer this would result in 57 methyl -ended branches 
per 1000 methylenes. However, based on the NMR 
spectrum the number of methyl -ended branches per 1000 
methylenes was calculated to be 452. 

Example 72 

10 A 100 mL autoclave was charged with FC-75 (50 mL) , 

{ t (4-NMe2Ph) 2DABMe2] PdMe (MeCN) ISbFg" (MeCN) (0.091 g, 
0.12 mmol) and ethylene (2.1 MPa) . The reaction 
mixture was stirred at 24°C for 1.5 h. The ethylene 
pressure was then vented, and the cloudy FC-75 mixture 

15 removed from the reactor. The FC-75 was extracted with 
3 X 25 mL of chloroform. The reactor was washed out 
with 3 X 40 mL CHCI3, and the washings added to the 
extracts. Volatiles removed from the resulting 
solution in vacuo to afford 556 mg of an oil. Mn was 

20 calculated on the basis of NMR integration of 
aliphatic vs. olefinic resonances to be 200. The 
degree of polymerization, DP, was calculated on the 
basis of the NMR spectrum to be 8.4; for a linear 
polymer this would result in 154 methyl -ended branches 

25 per 1000 methylenes. However, based on the NMR 

spectrum the number of methyl -ended branches per 10 0 0 
methylenes was calculated to be 261. 

Example 73 

Under nitrogen, a 250 mL Schlenk flask was charged 
30 with 10.0 g of the monomer CH2-CHCO2CH2CH2 (CF2 ) nCFa (avg 
n = 9) , 40 mL of methylene chloride, and a magnetic 
stirbar. To the rapidly stirred solution was added 
[ (2 , 6-i-PrPh) 2DABMe2] PdMe (0Et2) ISbFg' (0.075 g, 0.089 
mmol) in small portions. The resulting yellow-orange 
35 solution was stirred under 1 atm of ethylene for 18 h. 
The reaction mixture was then concentrated, and the 
viscous product extracted with - 3 00 mL of petroleum 
ether. The yellow filtrate was concentrated to 
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dryness, and sxtracted a second time with - 150 mL 
petroleum ether. - 500 mL of methanol v/as added -to the 
filtrate; the copolymer precipitated as an oil which 
adhered to the sides of the flask., ana was isolated by 
decanting off the petroleum ether/ methanol mixture. 
The copolymer was dried, affording 1,33 g of a slightly 
viscous oil. Upon standing for several hours, an 
additional 0.70 g of copolymer precipitated from the 
petroleum ether/ methanol mixture. By NMR 
integration, it was determined that the acrylate 
content of this material was 4.2 mole%, and that it 
contained 26 ester and 87 methyl-ended branches per : 
1000 methylenes. GPC analysis in tetrahydrof uran (vs. 
a PMMA standard) gave Mn = 30,400, = 40,200. NMR 

(CDCI3) 8 4.36 (t, CH2CH2C02CK2CH2Rf ) , 2.45 (mult, 
CH2CH2C02CH2CH2Rf ) , 2.31 (t, CH2CH2C02CH2CH2Rf ) , 1.62 
(mult, CH2CH2C02CH2CH2Rf ) , 1-23 (mult, other methylenes 
and methines) , 0.85 (mult, methyls). ^^C NMR gave 
branching per 1000 CH2 : Total methyls (91.3), Methyl 
(32.8), Ethyl (20), Propyl (2.2), Butyl (7.7), Amyl 
(2.2), >Hex and end of chains (22.1). GPC analysis in 
THF gave Mn = 3 0,400, Mw = 40,200 vs. PMMA. 

F.xample 74 
A 100 mL autoclave was charged with 
[Pd(CH3CH2CN)4] (BF4) 2 (0.058 g, 0.12 mmol) and 
chloroform (40 mL) . To this was added a solution of 
(2 ,.6-i-PrPh) 2DABMe2 (0.070 g, 0.17 mmol) dissolved in 
10 mL of chloroform under ethylene pressure (2.1 MPa) . 
The pressure was maintained at 2.1 MPa for 1.5 h, 
during which time the temperature inside the reactor 
increased from 2 2 to 3 5°C. The ethylene pressure was 
then vented and the reaction mixture removed from the 
reactor. The reactor was washed with. 3 x 50 mL of 
chloroform, the washings added to the reaction mixture, 
and volatiles removed from the resulting solution in 
vacuo to afford 9.77 g of a viscous oil. NMR of 

this material showed it to be branched ^polyethylene 
with 96 methyl-ended branches per 1000 methylenes. 
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Examplg 75 
A 100 mL autoclave was charged with 
[Pd(CH3CN)4] (BF4) 2 (0.053 g, 0.12 mmol) and chloroform 
(50 mL) . To this was added a solution of (2,6-i- 
PrPh) 2l^ABMe2 (0.070 g, 0.17 mmol) dissolved in 10 mL of 
chloroform under ethylene pressure (2.1 MPa) . The 
pressure was maintained at 2.1 MPa for 3,0 h, during 
which time the temperature inside the reactor increased 
from 23 to 52°C.' The ethylene pressure was then vented 
and the reaction mixture removed from the reactor. The 
reactor was washed with 3 x 50 mL of chloroform, the 
washings added to the reaction mixture, and volatiles 
removed from the resulting solution in vacuo to afford 
25.98 g of a viscous oil. NMR of this material 

showed it to be branched polyethylene with 103 methyl - 
ended branches per 1000 methylenes. GPC analysis in 
trichlorobenzene gave Mn = 10,800, Mw = 21,200 vs. 
linear polyethylene. 

E^^^mple 7^ 

A mixture of 20 mg (0.034 mmol) of [(2,6-i- 
PrPh) iDABHsl NiBr2 and 60 mL dry, deaerated toluene was 
magnetically-stirred under nitrogen in a 200 -mL three- 
necked flask with a gas inlet tube, a thermometer, and 
a gas exit tube which vented through a mineral oil 
bubbler. To this mixture, 0.75 mL (65 eq) of 3M 
poly (methylalumoxane) (PMAO) in toluene was added via 
syringe. The resulting deep blue-black catalyst 
solution was stirred as ethylene was bubbled through at 
about 5 ml and 1 atm for 2 hr. The temperature of the 
mixture rose to 60° C in the first 15 min and then 
dropped to room temperature over the course of the 
reaction. 

The product solution was worked up by blending 
with methanol; the resulting white polymer was washed 
with 2N HCl, water, and methanol to yield after drying 
(50°C/vacuum/nitrogen purge) 5.69g (6000 catalyst 
turnovers) of polyethylene which was easily- soluble in 
hot chlorobenzene . Differential scanning calorimetry 
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exhibited- a broad melting point at 107°C (67 J/g) . Gel 
peirmeation chromatography ( trichlorobenzene , 13 5°C, 
polystyrene reference, results calculated as 
polyethylene using universal calibration theory) : 
Mn=22,300; Mw=102,000; Mw/Mn=4 . 56 . ^^C NMR analysis: 
branching per 1000 CH2 : total Methyls (60), Methyl 
(41), Ethyl (5.8), Propyl (2.5), Butyl (2.4), Amyl 
(1.2), >Hexyl and end of chain (5); chemical shifts 
were referenced to the solvent: the high field carbon 
of 1, 2, 4-trich,lorobenzene (127,8 ppm) . A film of 
polymer .(pressed at 200°C) was strong and could be 
stretched and drawn without elastic recoveiry. 

Epc^TPple 77 

® 

In a Parr 600-mL stirred autoclave under 
nitrogen was combined 23 mg (0.03 9 mmol) of [(2,6-i- 
PrPh) DABH2] NiBr2, 6 0 mL of dry toluene, and 0.75 mL of 
poly (methylalumoxane) at 2 8*^C. The mixture was 
stirred, flushed with ethylene, and pressurized to 414 
kPa with ethylene. The reaction was stirred at 414 kPa 
for 1 hr; the internal temperature rose to 31° C over 
this time. After 1 hr, the ethylene was vented and 200 
mL of methanol was added with stirring to the 
autoclave. The resulting polymer slurry was filtered; 
the polymer adhering to the autoclave walls and 
impeller was scraped off and added to the filtered 
polymer. The product was washed with methanol and 
acetone and dried (80°C/vacuum/nitrogen purge) to yield 
5.10g (4700 catalyst turnovers) of polyethylene. 
Differential scanning calorimetry exhibited a melting 
point at 127°C (170 J/g) . Gel permeation 
chromatography ( trichlorobenzene , 13 5 ° C , polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn=49,300; Mw=123,000; 
Mw/Mn=2.51. Intrinsic viscosity (trichlorobenzene, 
135°C) : 1.925 dL/g. Absolute molecular weight averages 
corrected for branching: Mn=47,400; Mw=134,000; 
Mw/Mn=2.83. NMR analysis; branching per 1000 CH2 : 

total Methyls (10.5), Methyl (8.4), Ethyl (0.9), Propyl 
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(0), Butyl (0), >Butyl and end of chain (1.1); chemical 
shifts were referenced to the solvent: the high field 
carbon of 1 , 2 , 4 -trichlorobenzene (127.8 ppm) . A film 
of polymer (pressed at 200*=»C) was strong and stiff and 
5 could be stretched, and drawn without elastic recovery. 
This polyethylene is much more crystalline and linear 
-than the polymer of Example 76. This example shows that 
only a modest pressure increase from.l atm to 414 kPa 
allows propagation to successfully compete with 
10 rearrangement and isomerization of the polymer chain by 
this catalyst, thus giving a less-branched, more- 
crystalline polyethylene. 

EXff^mple 79 

A mixture of 12 mg (0.020 mmol) of [(2,6-i- 

15 PrPh)DABH2]NiBr2 and 40 mL dry, deaerated toluene was 

magnetically-stirred under nitrogen at 15°C in a 100-mL 
three-necked flask with an addition funnel, a 
thermometer, and a nitrogen inlet tube which vented 
through a mineral oil bubbler. To this mixture, 0 . 5 mL 

20 of poly (methylalumoxane) in toluene was added via - 

syringe; the resulting burgundy catalyst solution was 
stirred for 5 min and allowed to warm to room 
temperature. Into the addition funnel was condensed 
(via a Dry Ice condenser on the top of the funnel) 15 

25 mL (about lOg) of cis-2-butene . The catalyst solution 
was stirred as the cis-2-butene was added as a liquid 
all at once, and the mixture was stirred for 16 hr . 
The product solution was treated with 1 mL of methanol 
and was filtered through diatomaceous earth; rotary 

30 evaporation yielded 0.35g (300 catalyst turnovers) of a 
light yellow grease, poly-2-butene . ^^C NMR analysis; 
branching per 1000 CH2 : total Methyls (365), Methyl 
(285), Ethyl (72), >Butyl and end of chain (8); 
chemical shifts were referenced to the solvent 
35 chloroform-di (77 ppm) . 

Listed below are the "c NMR data upon which the 
above analysis is based. 
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CDCl 



3' 



C NMR Data 
RT, 0.0 5M CnAcAc 





Freq ppm 


Intensity 




41 .6071 


11.2954 




41 . 1471 


13 . 7193 




38 . 6816 


3 . 55568 




37 . 1805 


7 . 07882 




36.8657 


33 . 8859 




36 . 7366 


35 . 1101 




36 . 6196 


33 . 8905 




36 .2645 


12 . 1006 




35 . 9094 


13 . 3271 




35.8004 


11 . 8845 




35 . 5785 


4 . 20104 




34.7351 


24 .9682 




34 .4325 


39.3436 




34 . 3114 


59.2878 


Ci 


34.1177 


125 .698 


m 


33 . 9886 


121.887 


W 


33 . 8837 


120.233 




33 . 5326 


49 . 8058 




33 . 004 


132.842 


"%! 


32 . 7377 


51.2221 


is \ 


32 . 657 


55.6128 


s 


32 . 3705 


18.1589 


L-j) 


31 . 5876 


9.27643 


IF ! 


31 . 3818 


16 .409 


cr ■ 

5= • 


31.0066 


15 . 1861 


i 

Ci 


30.0946 


41.098 


29.9736 


42.8009 


29.7072 


106.314 




29 . 3602 


60 . 0884 




29 . 2512 


35 . 0694 




29 . 114 


26 . 6437 




28 . 9769 


29 . 1226 




27 . 9358 


3 . 57351 




27 . 7501 


3 . 56527 




27 . 0682 


14 .6121 




26 . 7333 


81 . 0769 




26 . 3257 


14 .4591 




26 . 015 


11 . 8399 




25 . 3008 


8.17451 




25 . 0627 


5.98833 




22 . 4801 


"3 .60955 




22 . 3308 


10 .4951 




19 . 6192 


90.3272 




19 . 4618 


154 . 354 




19. 3085 


102 . 085 




18 . 9937 


34.7667 




18 . 8525 


38.7651 




13.7721 


11.2148 




11 . 0484 


54 .8771 




10.4552 


10.8437 




10 . 1283 


11 . 0735 




9 . 99921 


9.36226 



2B4 

2B5+, EOC 
IBi 
IBi 
IBi 
IBi 
IBi 
IB4+, 
IB2 
IB2 
IB2 
IB-, 



EOC , IB3 
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A mixture of 10 mg (0.017 mmol) of [(2,6-i- 
PrPh) DABH2] NiBrs and 40 mL dry, deaerated toluene was 
magnetically- stirred under nitrogen at 5°C in a lOO-mL 
three-necked flask with an addition funnel, a 
thermometer, and a nitrogen inlet tube which vented 
through a mineral oil bubbler. To this mixture, 0,5 mL 
of 3M poly (met hylalumoxane) in toluene was added via 
syringe; the resulting burgundy catalyst solution was 
stirred at 5°C for 40 min. Into the addition funnel 
was condensed (via a Dry Ice condenser on the top of 
the funnel) 20 mL (about 15 g) of 1-butene, The : 
catalyst solution was stirred as the 1-butene was added 
as a liquid all at once. The reaction temperature rose 
to 50 °C over 3 0 min and then dropped to room 
temperature as the mixture was stirred for 4 hr. The 
product solution was treated with 1 mL of methanol and 
was filtered through diatomaceous earth; rotary 
evaporation yielded 6.17 g (1640 catalyst turnovers) of 
clear, tacky poly- 1-butene rubber. Gel permeation 
chromatography ( t r ichlorobenz ene , 1 3 5 ° C , polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory)': Mn=64,700; Mw=115 , 000 ; 
Mw/Mn=1.77. i^C NMR analysis; branching per 1000 CH2 : 
total Methyls (399), Methyl (86), Ethyl (272), >Butyl 
and end of chain (41) ; chemical shifts were referenced 
to the solvent chlorof orm-di (77 ppm) . This example 
demonstrates the polymerization of an alpha-olefin and 
shows the differences in branching between a polymer 
derived from a 1 -olefin (this example) and a polymer 
derived from a 2 -olefin (Example 78) . This difference 
shows that the internal olefin of Example 78 is not 
first isomerized to an alpha-olefin before 
polymerizing; thus this catalyst is truly able to 
polymerize internal olefins. 

Listed below are the "c NMR data upon which the 
above analysis is based. 
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l^C NMR Data 



CDCI3, RT, 0,05M CrAcAc 



Freq ppm 


Intensity 




43 . 


8708 


6 . 42901 




41 . 


5304 


11 . 1597 




41 . 


0825 


16 . 1036 




38 . 


7623 


103 . 647 




38 . 


1247 


50 .3288 




37 . 


3338 


24 . 6017 




36 . 


8173 


30 . 0925 




35 . 


. 756 


55 . 378 




35 . 


033 7 


22 . 3 563 ' 




34 . 


1419 


64 .8431 




33 . 


8514 






33 . 


4116 


90 . 243 8 




33 . 


0645 


154 , 939 




32 , 


,7094 


51 . 3245 




32 . 


, 431 


23 . 0013 


3B5 


30 . 


, 946 


12 . 8866 


3Bg + 


30 . 


, 1551 


26 . 1216 




'29 . 


, 7516 


54 . 6262 




23 , 


, 4248 


ji n ^ ft ft 

40 . 7879 




21 , 


, 6008 


8 . 64277 




27 , 


. 2417 


20 . 1564 




27 . 


. 1207 


21.973 5 




26 . 


. 7777 


45 . Oo24 




26 . 


. 0755 


66 . 06 97 




25 , 


,6599 


77 . 1097 




24 . 


. 3807 


8 . 917 5 




23 . 


, 4809 


32 . 0249 


2B4 , 


22 , 


. 8393 


0 ft ^ T 1 /I 

8 , 06 7 74 




22 , 


. 1372 


16 .4 732 




19 . 


. 4 981 


57.7 0 03 


IBi 


19, 


. 3609 


/ u . 0 0 0 




15 


. 132 


17 .2402 


1B4+ 


13 


. 8448 


7.9343 


1B4+ 


12 


.2509 


27 .8653 




12 


. 037 


27 . 0118 




11 


. 0766 


6.61931 


IB2 


10 


.2938 


98 . 0101 


1B2 


10 


. 1364 


104 .811 


1B2 



A 22-mg (0 . 037-mmol) sample of [(2,6-i- 
PrPh) DABH2] NiBrs was introduced into a 600-mL stirred 
Parr® autoclave under nitrogen. The. autoclave was 
sealed and 75 mL of dry, deaerated toluene was 
introduced into the autoclave via gas tight syringe 
through a port on the autoclave head. Then 0.6 mL of 
3M poly (methylalumoxane) was added via syringe and 
stirring was begun. The autoclave was pressurized wi 
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10 



15 



propylene to 414 kPa and stirred with continuous 
propylene feed. There was no external cooling. The 
internal temperature quickly rose to 33«>C upon initial 
propylene addition but gradually dropped back to 24 °C 
over the course of the polymerization. After about 7 
min, the propylene feed was shut off and stirring was 
continued; over a total polymerization time of 1 . 1 hr, 
the pressure dropped from 448 kPa to 358 kPa. The 
propylene was vented and the product, a thin, honey- 
colored- solution, was rotary evaporated to yield 1.65g 
of a very thick, brown semi-solid. This was dissolved 
in chloroform and filtered through diatomaceous earth; : 
concentration yielded 1.3 g (835 catalyst turnovers) of 
tacky, yellow polypropylene rubber. Gel permeation 
chromatography (trichlorobenzene, 135°C, polystyrene 
reference, results calculated as polypropylene using 
universal calibration theory): Mn=7,940; Mv,=93,500; 
Mw/Mn=ll-78. 

A mixture of 34 mg (0.057 mmol) of [(2,6-i- 
PrPh) DABH2] NiBr^ and 20 mL dry, deaerated toluene was 
magnetically-stirred under nitrogen at 5°C in a 100-mL 
three-necked flask with a thermometer and a nitrogen 
inlet tube which vented through a mineral oil bubbler. 
To this mixture, 0 . 7 mL of 3M poly (methylalumoxane) in 
toluene was added via syringe and the resulting deep 
blue-black solution was stirred for 30 min at 5°C. To 
this catalyst solution was added 35 mL of dry, 
deaerated cyclopentene, and the mixture was stirred and 
30 allowed to warm to room temperature over 23 hr. The 
blue-black mixture was filtered through alumina to 
remove dark blue -green solids (oxidized aluminum 
compounds from PMAO) ; the filtrate was rotary 
evaporated to yield 1.2 g (310 catalyst turnovers) of 
35 clear liquid cyclopentene oligomers. 

FiXr^mple 82 

A 20-mg (0.032 mmol) sample of [(2,6-i- 
PrPh) DABMe^] NiBr^ was placed in Parr® 600-mL stirred 
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autoclave under nitrogen. The autoclave was sealed and 
100 mL of dry, deaerated toluene and 0 . 6 mL of 3M 
poly(methylalumoxane) were injected into the autoclave 
through the head port, and mixture was stirred under 
nitrogen at 20°C for 50 min. The autoclave body was 
immersed in a flowing water bath and the autoclave was 
then pressurized with ethylene to 2 . 8 MPa with st.rrxng 
as the internal temperature rose to 53oC. The 
autoclave was stirred at 2.8 MPa (continuous ethylene 
■ feed) for 10 min as the temperature dropped to 29-C. 
and the ethylene was then vented. The mixture stood at 
1 atm for 10 min; vacuum was applied to the autoclave , 
for a few minutes and then the autoclave was opened. 

The product was a stiff, swollen polymer mass 
which was scraped out, cut up, and fed in portions to 
500 mL methanol in a blender. The polymer was then 
boiled with a mixture of methanol (200 mL) and 
trif luoroacetic acid (10 mL) , and finally dried under 
high vacuum overnight to yield 16 . 8g (18,700 catalyst 
3 turnovers) of polyethylene- The polymer was somewhat 
heterogeneous with respect to crystallinity , as can be 
seen from the differential scanning calorimetry data 
below; amorphous and crystalline pieces of polymer 
could be picked out of the product. CrystalUne 
5 polyethylene was found in the interior of the polymer 
mass; amorphous polyethylene was on the outs.de The 
crystalline polyethylene was formed initially when the 
ethylene had good access to the catalyst; as the 
polymer formed limited mass transfer, the catalyst 
50 became ethylene -starved and began to malce amorphous 
polymer. Differential scanning calorimetry: 
Crystalline piece of polymer): mp: IBO^C (150J/g); 
(amorphous piece of polymer): -48oC (Tg) ; mp: 42 C 
(3J/g), 96°C (llJ/g). Gel permeation chromatography 
35 (trichlorobenzene, 1350C, polystyrene reference, 

results calculated as polyethylene using universal 
calibration theory): Mn=163,000; Mw=534,000; 
Mw/Mn=3.27. This example demonstrates the effect ot 
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ethylene mass transfer on the polymerization and shows 
that the same catalyst can make both amorphous and 
crystalline polyethylene. The bulk of the polymer was 
crystalline: a film pressed at 200 was tough and 
stiff. 

Example 83 
A 2 9-mg (0.04 7 mmol) sample of [(2,6-i- 
PrPh) DABMe2] NiBr2 was placed in Parr® 600-mL stirred 
autoclave under nitrogen. The autoclave was sealed and 
100 mL of dry, deaerated toluene and 0.85 itiL of 3M 
poly (methylalumoxane) were injected into the autoclave 
through the head port. The mixture was stirred under ; 
nitrogen at 23*^C for 3 0 min. The autoclave body was 
immersed in a flowing water bath and the autoclave was. 
pressurized with ethylene to 620 kPa with stirring. 
The internal temperature peaked at 3 8°C within 2 min. 
The autoclave was stirred at 620 kPa (continuous 
ethylene feed) for 5 min as the temperature dropped to 
32 °C. The ethylene was then vented, the regulator was 
readjusted, and the autoclave was pressurized to 34.5 
kPa (gauge) and stirred, for 2 0 min (continuous ethylene 
feed) as the internal temperature dropped to 22 °C. In 
the middle of this 2 0 min period, the ethylene feed was 
temporarily shut off for 1 min, during which time the 
autoclave pressure dropped from 34.5 kPa (gauge) to 
13.8 kPa; the pressure was then restored to 34.5 kPa . 
After stirring 20 min at 34.5 kPa, the autoclave was 
once again pressurized to 620 kPa for 5 min; the 
internal temperature rose from 22**C to 34 °C. The 
ethylene feed was shut off for about 3 0 sec before 
venting; the autoclave pressure dropped to about 586 
kPa . 

The ethylene was vented; the product was a dark, 
thick liquid. Methanol (20 0 mL) was added to the 
autoclave and the mixture was stirred for 2 hr. The 
polymer, swollen with toluene, had balled up on the 
stirrer, and the walls and bottom of the autoclave were 
coated with white, fibrous rubbery polymer. The 
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polymer was scraped out, cut up, and blended with 
methanol in a blender and then stirred with fresh 
boiling methanol for 1 hr. The white rubber was dried 
under high vacuum for 3 days to yield 9.6 g (7270 
catalyst turnovers) of rubbery polyethylene. NMR 
analysis (CDCI3) : 95 methyl carbons per 1000 methylene 
carbons . 

Differential scanning calorimetry: -51°C (Tg) ; mp: 
39.5°C (4J/g) ; mp: 76.4«»C (7J/g) . Gel permeation, 
chromatography (trichlorobenzen^, 13 5 ° C, . polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn=223.000; Mw=487,000; , 
Mw/Mn=2.19. 

The polyethylene of Example 83 could be cast from 
hot chlorobenzene or pressed at 20d°C to give a strong, 
stretchy, hazy, transparent film with good recovery. 
It was not easily chloroform- soluble . This example 
demonstrates the use of the catalyst's ability (see 
Example 82) to make both amorphous and crystalline 
polymer, and to make both types of polymer within the 
same polymer chain due to the catalyst • s low propensity 
to chain transfer. With crystalline blocks (due to 
higher ethylene pressure) on both ends and an amorphous 
region (due to lower- pressure, mass transfer-limited 
polymerization) in the center of each chain, this 
polymer is a thermoplastic elastomer. 

F.v-ample 84 

A Schlenk flask containing 147 mg (0.100 mmol) of 
{ [ (2,6-i-PrPh)DABMe2]PdMe(OEt2) }BAF" was cooled to - 
78 °C, evacuated, and placed under an ethylene 
atmosphere. Methylene chloride (100 ml) was added to 
the flask and the solution was then allowed to warm to 
room temperature and stirred. The reaction vessel was 
warm during the first several hours of mixing and the 
solution, became viscous. After being stirred for 17.4 
h, the reaction mixture was added to -600 mL of MeOH in 
order to precipitate the polymer. Next,, the MeOH was 
decanted off of the sticky polymer, which was then 
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dissolved in -600 mL of petroleum ether. After being 
filtered through plugs of neutral alumina and silica 
gel, the solution appeared clear and almost colorless. 
The solvent was then removed and the viscous oil (45.31 
g) was dried in vacuo for several days: NMR (CDCI3, 

400 MHZ) 5 1.24 (CH2, CH) , 0.82 (m, CH3); Branching: 
-128 CH3 per 1000 CH2 ; DSC: Tg = -67.70C. GPC : Mn = 
29,000; Mw = 112,000. 

p;-yamp1e 85 

Following the procedure of Example 84 {[(2,6-i- 
PrPh)DABMe2]PdMe(OEt2) }BAF" (164 mg, 0.112 mmol) 
catalyzed the polymerization of ethylene for 24 h in 50 
mL of CH2CI2 to give 3 0.16 g of polymer as a viscous 
oil. iH NMR (CgDs) 5 1.41 (CH2, CH) , 0.94 (CH3) ; 
Branching: . -115 CH3 per 1000 CH2 ; GPC Analysis (THF, 
PMMA standards, RI Detector): Mw = 262,000; Mn = 
121,000; PDI =2.2; DSC: Tg = -66.8°C. 

F.vample 86 

The procedure of Example 84 was followed using 144 
mg (0.100 mmol) of { [ (2 , 6-i-PrPh) DABHj PdMe (OEt^) iBAF" 
in 50 mL of CH2CI2 and a 24 h reaction time. Polymer 
(9.68 g) was obtained as a free-flowing oil. ^H NMR 
(CDCI3, 400 MHz) 5 5.36 (m, RHC=CHR ■ ) , 5.08 (br s, 
RR'C=CHR"), 4.67 (br s, H2C=CRR'), 1-98 (m, allylic 
H) , 1.26 (CH2, CH) , 0.83 (m, CH3) ; Branching: -149 
CH3 per 1000 CH2; DSC:. Tg = -84.6°C. 

F,y ample 87 
A 3 0-mg (0.04 2-mmol) sample of [(2,6-i- 
PrPh) DABAn].NiBr2 was placed in Parr® 600-mL stirred 
autoclave under nitrogen.. The autoclave was sealed and 
150 ml. of dry toluene and 0.6 mL of 3M 
polymethylalumoxane were injected into the autoclave 
through the head port. The autoclave, body was immersed 
in a flowing water bath and the mixture was stirred 
under nitrogen at 2 0°C for 1 hr. The autoclave was 
then pressurized with ethylene to 1.31 MPa with 
stirring for 5 min as the internal temperature peaked 
at 3 0°C. The ethylene was then vented to 41.4 kPa 
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(gauge) and the mixture was stirred and fed ethylene at 
41.4 kPa for 1.5 hr as the internal temperature dropped 
to 19°C. At the end of this time, the autoclave was 
again pressurized to 1.34 MPa and stirred for 7 min as 
5 the internal temperature rose to 35° C. 

The ethylene was vented and the autoclave was 
briefly evacuated; the product was a stiff, solvent - 
swollen gel. The polymer was cut up,, blended with 500 
mL methanol in a blender, and then stirred overnight. 
10 with 500 mL methanol containing 10 mL of 6N HCl . The 
stirred suspension in methanol/HCl was then boiled for 
4 hr, filtered, and dried under high vacuum overnight : 
to yield 26.1 g (22,300 catalyst turnovers) of 
polyethylene. Differential scanning calorimetry: -49°C 
15 (Tg) ; mp : 116°C (42J/g) . The melting transition was 
very broad and appeared to begin around room 
temperature. Although the melting point temperature is 
higher in this Example than in Example 76, the area 
under the melting endot he rm is less in this example, 
20 implying that the polymer of this Example is less 

crystalline overall, but the crystallites that do exist 
are more ordered. This indicates that the desired 
block structure was obtained. Gel permeation 
chromatography (trichlorobenzene, 1350C, polystyrene 
25 reference, results calculated as polyethylene using 

universal calibration theory): Mn=123,000; Mw=601,000; 
Mw/Mn=4.87. The polyethylene of this example could be 
pressed at 200°C to give a strong, tough, stretchy, 
hazy film with partial elastic recovery. When the 
30 stretched film was plunged into boiling water, it 
completely relaxed to its original dimensions. 

F.XampTe 88 

A 6.7-mg (0.011-mmol) sample of [(2,6-i- 
PrPh)DABMe2]NiBr2 was magnetically- stirred under 
35 nitrogen in a 50-mL Schlenk flask with 25 mL of dry, 

deaerated toluene as 0 . 3 mL of 3M poly (methylalumoxane) 
was injected via syringe. The mixture was stirred at 
23°C for 40 min to give a deep blue-green solution of 
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10 



15 



rii 20 



catalyst. Dry, deaerated cyclopentene (10 mL) was 
injected and the fixture was stirred for 5 mxn The 
flask was then pressurized with ethylene at ^0.7 MPa 
and stirred for 22 hr. The resulting viscous solutxon 
.as poured into a stirred mixture of 200 ^ ^^^^^^ 
and 10 mL 6N HCl . The methanol was decanted off and 
replaced with fresh methanol, and the polymer was 
stirred in boiling methanol for 3 hr . The tough, 
stretchy rubber was pressed between paper towels and 
dried under vacuum to yield 1 . Og of 
poly [ethylene/cyclopentenel . By NMR 

Lalysis(CDCl3): XOO methyl carbons per 1000 methylene : . 
carbons. Comparison of the peaks attributable to 
cyclopentene (0.65 ppm and 1.75 ppm) with the standard 
polyethylene peaks (0.9 PPm and 1 . 3 PPtn) ^^^^HTs 
about a 10 mol% cyclopentene incorporation. Th.s 
polymer yield and composition represent about 2900 
poxyme y Differential scanning calorimetry: 

catalyst turnovers. Dit terencj..*-!- 
44°C (Tg) . Gel permeation chromatography 
(trichlorobenzene, 135oC, polystyrene reference, 
results calculated as polyethylene using universal 
calibration theory): Mn=122,000; Mw=241,000; 

""^^"""llsred below are the -c NMR data upon which the 
25 above analysis is based. 

NMR data 
TCB, 120C, 0.05M CrAcAC 
Freq ppm Intensity 

50.9168 5.96663 ^ and/or 1,3 ccmcc 



46.3865 3.27366 

40.7527 40.5963 

40.567 41.9953 

40.3336 45.8477 

37.1985 60.1003 

36.6998 41.2041 

36.0579 11.2879 



2 erne 
1 , 3 erne 
1 , 3 erne 



35.607 



25 .169 



34.4771 19.0834 

34.0845 22.8886 

33.1243 20.1138 

32.8962 27.6778 

31.8406 75.2391 



30 . 0263 



76 .2755 



29.6.921 170.41 
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28 . 9494 
28 . 647 
27.4588 
27 . 1086 
24 .3236 
22 .5783 
19.6712 
17 . 5546 
14 .3399 
13 . 8518 
10 . 9182 



18.8754 
25.8032 
22 .2397 
48 .0806 

3 .31441 

4 .64411 
43 .1867 
1.41279 
1. 74854 
5. 88699 
2. 17785 



2B5+, 2 EOC 
IBi 

end group 
IB3 

IB4+, lEOC 
2Bi 
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A 7.5-mg (0 . 013 -mmol) sample of [(2,6-t- 
BuPh) DABMes] NiBr2 was magnetically stirred under 
nitrogen in a 50-mL Schlenk flask with 40 mL of dry, 
deaerated toluene as 0.5 mL of 3M poly (methylalumoxane) 
was injected via syringe. The mixture was stirred at 
23 °C for 1 hr to give a deep blue -green solution of 
catalyst. The flask was pressurized with ethylene at 
20.7 kPa (gauge) and stirred for 20 hr. The solution, 
which had become a reddish-brown suspension, was poured 
into a stirred mixture of 200 mL methanol and 10 mL 6N 
HCl and was stirred at reflux for 1 hr . The methanol 
was decanted off and replaced with fresh methanol, and 
the white polymer was stirred in boiling methanol for 1 
hr. The stiff, stretchy rubber was pressed between 
paper towels and then dried under vacuum to yield 1.25 
g (3380 catalyst turnovers) of polyethylene. ^H-l NMR 
analysis (CeDg) : 63 methyl carbons per 1000 methylene 
carbons. Differential scanning calorimetry: -34*^C 
(Tg) ; mp: 44^C (31J/g) ; mp : lOl^C (23J/g). 



A 5.5 mg (0.0066 mmol) sample of {[(2,6-i- 
PrPh) sDABMes] PdMe (EtjO) ISbFg" was allowed to stand at 
room temperature in air for 24 hr. A 100-mL three-neck 
flask with a magnetic stirrer and a gas inlet dip tube 
was charged with 4 0 mL of reagent methylene chloride 
and ethylene gas was bubbled through with stirring to 
saturate the solvent with ethylene . The sample of 
{ [ (2, 6-i-PrPh) sDABMes] PdMe (EtsO) ISbFe" was then rinsed 
into the flask with 5 mL of methylene chloride and 
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ethylene was bubbled through with stirring for 5 hr. 
The clear yellow solution was rotary evaporated to 
yield 0.20 g (1080 catalyst turnovers) of a thick 
yellow liquid polyethylene. 

Example 91 * 

A 600-mL stirred Parr® autoclave was sealed and 
flushed with nitrogen, and 100 mL of dry, deaerated 
toluene was introduced into the autoclave via gas tight 
syringe through a port on the autoclave head. The 
autoclave was purged with propylene gas to saturate the 
solvent with propylene. Then 45 mg (0.054 mmol) of 
{ [ (2 , 6-i-PrPh) sDABMea] PdMe (EtaO) jSbFg' was introduced : 
into the autoclave in the following manner: a 2.5-mIi 
gas tight syringe with a syringe valve was loaded with 
45 mg of { [ (2 , 6-i-PrPh) 2DABMe2] PdMe (Et20)}SbF6" under 
nitrogen in a glove. box; then 1-2 mL of dry, deaerated 
methylene chloride was drawn up into the syringe and 
the contents were quickly injected into the autoclave 
through a head port . This method avoids having the 
catalyst in solution with no stabilizing ligands. 

The autoclave was pressurized with propylene to 
414 MPa and stirred for 2.5 hr, starting with 
continuous propylene feed. The autoclave was cooled in 
a running tap water bath at 22 °C. The internal 
temperature quickly rose to 30^C upon initial propylene 
addition but soon dropped back to 22°C. After 0.5 hr, 
the propylene feed was shut off and stirring was 
continued. Over 2 hr, the pressure dropped from 41.4. 
MPa to 3 8.6 MPa. . The propylene was then vented. The 
product was a thin, honey-colored solution. . Rotary 
evaporation yielded 2.3 g (1010 catalyst turnovers) of 
very thick, dark-brown liquid polypropylene which was 
almost elastomeric when cool. Gel permeation 
chromatography (trichlorobenzene, 13 5 °C, polystyrene 
reference, results calculated as polypropylene using 
universal calibration theory): Mn=8,300; Mv^=15,300; 
M^/Mn=1.84. l^C NMR analysis; branching per 1000 CH2 : 
total Methyls (545), Propyl (1.3), >Butyl and end of 
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chain (9.2); chemical shifts. The polymer exhibited a 
glass transition temperature of -44oC by differential 

scanning calorimetry . 

Listed below are the NMR data upon which the 

above analysis is based. 
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C NMR data 



Freq ppm 



46 . 4978 
45 . 8683 
45.3639 
45. 1783 
44.5568 
44,4398 
44.3026 
44.1372 . 
43. 5036 
42 .4262 
41 . 6918 
39 .1537 
38 . 7179 
37 . 8664 
37 .6727 
37 .0755 
36 .781 
36 .559 
34 . 5495 
34 .3195 
33 . 5488 
33 .351 
32 . 7982 
32 . 4108 
31. 8701 
31. 5957 
29 . 8364 
29.7072 
29.3925 
29 . 0293 
27 . 6089 
27 .4193 
27 , 0763 
26 . 9552 
26 .7615 
26 .3661 
24 . 8529 
23 .1217 

22.6779 

22 .5245 

22.3389 



CDCI3, RT, 
Intensity 



0.0 5M CrAcAc 



13.2699 
11.9947 
10 . 959. 
11.3339 
8 .41708 
7 .69019 
6 .29108 
6 .73541 
5.49837 
5.03113 
3.72552 
4.23147 
25 .2596 
10 . 0979 
14.3755 
17 .623 
42 , 0719 
10.0773 
5 . 34388 
7 .48969 
12 .6148 
20.5271 
4 . 10612 
22 . 781 
5 . 90488 
10 .6988 
44 .4935 
103 . 844 
152.645 
6 .71341 
38 . 7993 
10 .3543 
66_. 8261 
92 . 859 
55 .7233 
20 .1674 
16 . 9056 
12 .5439 

13 . 0147 

9.16236 

77 . 3342 



Methylenes 
Methylenes 
Methylenes 
Methylenes 
Methylenes 

Methylenes ^ 

Methylenes 

Methylenes 

Methylenes 

Methylenes 

Methylenes 

Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methine Carbon of XXVIIX 
Methine carbons of XXVIIX and 
XXIX, 2B4+, EOC 
Methine carbons of XXVIII and 
XXIX, 2B4+, EOC 
Methine carbons of XXVIII and 
XXIX, 2B4+, EOC 
Methine carbons of XXVIII and 
XXIX, 2B4+, EOC 
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21 . 9757 


• o 3 ^ ^ ^ 


21 . 1405 




20 . 4182 


O ■ •« ^ O w J 


19 . 9743 


^ J . O U O — ' 


19 . 825 


J J, t *± f o f 


19 . 3811 


A A Q Q A ^ 

^ *t . -7 -7 O O 


19 . 1995 


in 1 rmfl 


13 . 8569 


O . J / / D -1- 


13 . 8004 


1 . o / ^ ■» ^ 


137 . 452 


09 0R29 


128 . 675 


44.6993 


127 . 88 


43.8939 


124 . 959 


22 .4025 


122 . 989 


3 .3312 



Methine carbons of XXVIII and 
XXIX, 2B4+, EOC 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 
Methyls 

T^jyampl e 92 

A 600-mL stirred Parr® autoclave was sealed, . 
flushed with nitrogen, and heated to 60oc in a water 
bath. Fifty mL (48 g; 0.56 mol) of dry, deaerated 
methyl acrylate was introduced into the autoclave via 
gas tight syringe through a port on the autoclave head 
and ethylene gas was passed through the autoclave at a 
low rate to saturate the solvent with ethylene before 
catalyst addition. Then 60 mg (0.07 mmol) of {[(2,6-i- 
PrPh)2DABMe2]PdMe(Et20)}SbF6 was introduced into the 
autoclave in the following manner: a 2.5-mL gas tight 
syringe with a syringe valve was loaded with 6 0 mg of 
{ [ (2 6-i-PrPh) 2DABMe2] PdMe (Et20) jSbFg under nitrogen 
in a' glove box; then 1 mL of dry, deaerated methylene 
chloride was drawn up into the syringe and the contents 
were quickly injected into the autoclave through a head 
port. This method avoids having the catalyst in 
solution with no stabilizing ligands . 

The autoclave was pressurized with ethylene to 689 
kPa and continuously fed ethylene with stirring for 4 . 5 
hr- the internal temperature was very steady at 60°C. 
The ethylene was vented and the product, a clear yellow 
solution, was rinsed out of the autoclave with 
chloroform, rotary evaporated, and held under high 
vacuum overnight to yield 1.56 g of thin light-brown 
liquid ethylene/methyl acrylate copolymer. The 
infrared spectrum of the product exhibited a strong 
ester carbonyl stretch at 1740 cm"!. ^H-l NMR analysis 
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(CDCI3) : 61 methyl carbons per 1000 methylene carbons. 
Comparison of the integrals of the ester methoxy 
(3.67ppm) and ester methylene (£H2COOiyie; 2.30ppm) peaks 
with the integrals of the carbon chain methyls (0.8- 
0 . 9ppm) and methylenes (1.2-1.3ppm) indicated a methyl 
acrylate content of 16 . 6 mol% (37.9 wt%) . This product 
yield and composition represent 4 80 ethylene turnovers 
and 96 methyl acrylate. turnovers . ^^C NMR analysis; 
branching per 1000 CH2 : total methyls (48.3), Methyl 
(20.8), Ethyl (10.5), Propyl (1), Butyl (8), ^Amyl and 
End of Chain (18.1), methyl acrylate (94.4); ester- 
bearing -CH (CH2) nCOjCHa branches as a % of total ester: 
n>5 (35.9), n=4 (14.3), n=l,2,3 (29.5), n=0 (20.3); 
chemical shifts were referenced to the solvent: the 
high field carbon of 1 , 2 , 4-trichlorobenzene (127.8 
ppm) . Gel permeation chromatography ( tetrahydrof uran, 
30^C, polymethylmethacrylate reference, results 
calculated as polymethylmethacrylate using universal 
calibration theory): Mn=3,370; Mw=5,450; Mw/Mn=1.62. 

Listed below are the ^^C NMR data upon which the 
above analysis is based. 
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C NMR data 



Freq ppm 

53 . 7443 
50.9115 
50.641 
45.5165 
39.6917 
39.2886 
38 .1639 
37 .7926 
37 .1666 
36.6733 
34 .6256 
34.4612 
34 .1429 
33 . 9095 
33.676 
33 .2888 
32 . 8644 
32 . 3498 
32 . 0475 
31 . 8459 
31 . 7079 
31. 5912 
31. 0873 
30 .6258 
30 . 1324 
2 9.64 97 
29 .4322 
29 . 1934 
27 , 8619 
27 .4269 
26 .9283 
26 . 5145 
26 .3554 
25 .4588 
25 .3315 
24 .9761 
24 .2069 
23 . 0451 
22 . 9337 
22 . 5518 
19. 9842 
19 , 6288 
19.1673 
16 . 7695 
14. 3 
13 , 7882 
11.0774 
10.8705 
189 . 989 
175.687 
175 .406 
175.22 
175.061 



TCB 12 OC, 
Intensity 

2 .19635 
8 . 84408 
132.93 
7.55996 
2.71676 
7 . 91933 
13 .,843 
26 .6353 
20.6759 
8.65855 
17.6899 
16.7388 
85.624 
124 . 997 
40 . 0271 
11.4719 
14.4963 
17\ 5883 
9 . 83096 
30. 9676 
12.7737 
13 .8792 
19.6266 
10.5512 
58 .6101 
169 . 398 
48 .5318 
95 .4948 
8 . 70181 
32 . 9529 
78.0563 
27 . 0608 
14 . 0683 
21. 9081 
9 . 04646 
64.2333 
10. 771 
9 . 50073 
6 . 90528 
30 .0427 
1 .87415 
17.125 
6 . 0427 
2 .23642 

34 . 0749 
4 . 50599 
10 .8817 
1 . 04646 
3 . 33867 
14 .4124 
5.43832 
3 . 53125 



0.0 5M CrAcAc 

CH2CI2 solvent impur i t y 



MEB 



0 43.8 ppm: 2 adjacent MEBq 



1EB4+ 


from 


EB 


Contributions 


Contributions 


from 


EB 


Contributions 


from 


EB 


Contributions 


from 


EB 


Contributions 


from 


EB 


Contributions 


from 


EB^ 


Contributions 


from 


EB 


Contributions 


from 


EB 


Contributions 


from 


EB 



2EB4 (tent) 
2EB4 (tent) 
2EB5 + 

BBB (beta-beta-B) 
2B4 
-2B4 
2B5+, EOC 
2B3 
IBi 
IBi 

IB3 

IB4+, EOC 

IB2 

IB2 

EBq Carbonyl 
EBq Carbonyl 
EBq Carbonyl . 
EBq Carbonyl 
EBq Carbonyl 
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172 859 11.235S EBi+ Carbonyl 

172 6 05 102.342 EBi+ Carbonyl 

172*09 7.83303 EBi+ Carbonyl 

17o".944 3.294 EBi+ Carbonyl 

A 45-mg (0 . 048-mmol) sample of {[(2,6-i- 
PrPh),DABAn]PclMe(Et,0)}SbF6- was placed in a 600-mL Parr 
5 ® stirred autoclave under nitrogen. To this was added 
50 mL of dry, deaerated methylene chloride, and the 
autoclave, was pressurized to 414 kPa with ethylene. 
Ethylene was continuously fed at 414 kPa with stirrxng 
at 23-25°C for 3 hr; then the feed was shut off and the 
10 reaction was stirred for 12 hr more. At the end of 

this time, the autoclave was under 89.6 kPa (absolute). 
The autoclave was repressurized to 345 kPa with 
ethylene and stirred for 2 hr more as the pressure 
dropped to 255 kPa, showing that the catalyst was still 
15 active; the ethylene was then vented. The brown 

solution in the autoclave was rotary evaporated, taken 
up in chloroform, filtered through alumina to remove 
catalyst, and rotary evaporated and then held under 
high vacuum to yield 7.35 g of thick, yellow liquid 
20 polyethylene. 1h NMR analysis (CDCI3) : 131 methyl 
carbons per 1000 methylene carbons. Gel permeation 
chromatography (trichlorobenzene, 13 5 »€, polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn=10,300; Mw=18,100; 
25 Mw/Mri=l-76- 

F,y^Tnp1P> 94 

A 79-mg (0.085-mmol) sample of {[(2,6-i- 
PrPh)2DABAn]PdMe(Et.O)}SbFe- was placed in a 600-mL Parr 
® stirred autoclave under nitrogen. To this was added 

30 50 mL of dry, deaerated methyl acrylate, and the 

autoclave was pressurized to 689 kPa with ethylene. 
The autoclave was warmed to SO-c and the reaction was 
stirred at 689 kPa for 70 hr; the ethylene was then 
vented.- The clear yellow solution in the autoclave was 

35 filtered through alumina to remove catalyst, rotary 

evaporated, and held under high vacuum to yield 0.27 g 
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of liquid ethylene/methyl acrylate copolymer. The 
infrared spectrum of the product exhibited a strong 
ester carbonyl stretch at 1740cm"^. NMR analysis 

(CDCI3} : 70 methyl carbons per 10 00 methylene carbons; 
13.5 mol% (32 wt%) methyl acirylate. This yield and 
composition represent 12 methyl acrylate turnovers and 
75 ethylene turnovers. 

A 6 7-mg (0.089-mmol) of {[(2,4,6- 
MePh) aDABMej] PdMe (EtaO) jSbFg' was placed in a 200-mL 
glass centrifuge bottle* with a magnetic stir bar under 
nitrogen. To this was added 4 0 mL of dry, deaerated 
methylene chloride. The bottle was . immediately 
pressurized to 207 kPa with ethylene. Ethylene was 
continuously fed at 207 kPa with stirring at 23-25^C 
for 4 hr. After 4 hr, the ethylene feed was shut off 
and the reaction was stirred for 12 hr more. At the 
end of this time, the bottle was under zero pressure 
(gauge) . The brown solution was rotary evaporated and 
held under high vacuum to yield 5 . 15 g of thick, brown 
liquid polyethylene. NMR analysis (CDCI3) : 127 

methyl carbons per 1000 methylene carbons. Gel 
permeation chromatography ( trichlorobenzene , 135°C, 
polystyrene reference, results calculated as 
polyethylene using universal calibration theory) : 
Mn=20 , 200 ; Mw=32 , 100 ; Mw/Mn=1.59. 

E?cample 96 

A 56 -mg (0.066-mmol) sample of {[(2,6-i- 
PrPh) aDABMej] PdCH2CH2C (O) CH3) ISbFfi' was placed in a 600- 
mL Parr® stirred autoclave under nitrogen. To this 
was added 3 0 mL of dry, deaerated 

perf luoro (propyltetrahydrofuran) - The autoclave was 
stirred and pressurized to 5 . 9 MPa with ethylene. The 
internal temperature peaked at 2 9°C; a cool water bath 
was placed around the autoclave body. The reaction was 
stirred for 16 hr at 23*^C and 5.9 MPa and the ethylene 
was then vented. The autoclave contained a light 
yellow granular rubber; this was scraped out of the 
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autoclave and held under high vacuum to yield 29.0 g 
(15,700 catalyst turnovers) of spongy, non-tacky, 
rubbery polyethylene which had good elastic recovery 
and was very strong; it was soluble in chloroform or 
chlorobenzene . 

The polyethylene was amorphous * at room 
temperature: it exhibited a glass transition 
temperature of -57°C and a melting endotherm of -16°C 
(35J/g) by differential scanning calorimetry. Oh 
cooling, there was a crystallization exotherm with a 
maximum at 1°C {35J/g) . Upon remelting and recooling 
the melting endotherm and crystallization exotherm 
persisted, as did the glass transition. Dynamic 
mechanical analysis at IHz showed a tan 5 peak at -51°C 
and a peak in the loss modulus E" at -65°C; dielectric 
analysis at 1000 Hz showed a tan d peak at -35°C. 
NMR analysis (CDCI3): 86 methyl carbons per 1000 
methylene carbons. .^^C NMR analysis: branching per 
1000 CH2 : total Methyls (89.3), Methyl (37.2), Ethyl 
(14) , Propyl (6.4) , Butyl (6.9) , >Am and End Of Chain 
(23.8); chemical shifts were referenced to the solvent : 
the high field- carbon of 1 , 2 , 4 - trichlorobenzene (127.8' 
ppm) . Gel permeation chromatography (trichlorobenzene, 
135°C, polystyrene reference, results calculated as 
polyethylene using universal calibration theory) : 
Mn=137,000; Mw=289,000; Mw/Mn=2 . 10 . Intrinsic 
viscosity (trichlorobenzene, 135°C) : 2.565 dL/g. 
Absolute molecular weight averages corrected for 
branching: Mn=196,000; Mw=425,000; Mw/Mn=2.17. Density 
(determined at room temperature with a helium gas 
displacement pycnometer) : 0.8546 ± 0.0007 g/cc . 

E?tample 97 

A 49-mg (0.058 mmol) sample of {[(2,6-i- 
PrPh) sDABMes] PdCHsCHsC (O) CHsjSbFg" was placed in a 600-mL 
Parr® stirred autoclave under nitrogen. To this was 
added 3 0 mL of dry, deaerated hexane . The autoclave 
was stirred and pressurized to 5.9 MPa with ethylene. 
The internal temperature peaked briefly at 34*^C; a cool 
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water bath was placed around the autoclave body. The 
reaction was stirred for 16 hr at 23 °C. At 14 hr, the 
ethylene feed was shut off; the autoclave pressure, 
dropped to 5.8 MPa over 2 hr; the ethylene was then 
vented. The autoclave contained a light yellow, gooey 
rubber swollen with hexane, which was scraped out of 
the autoclave and held under high vacuum to yield 28.2 
g (17,200 catalyst turnovers) of spongy, non-tacky, 
rubbery polyethylene which had good elastic recovery 
and which was very strong. 

The polyethylene was amorphous at room 
temperature: it exhibited a glass transition 
temperature of -61°C and a melting endotherm of -12°C 
(27J/g) by differential scanning calorimetry. Dynamic 
mechanical analysis at IHz showed a tan d peak at -52 °C 
and a peak in the loss modulus E" at -70°C; dielectric 
analysis at 1000 Hz showed a tan d peak at -37°C. 
NMR analysis {CDCI3) : 93 methyl carbons per 1000 
methylene carbons. ^^C NMR analysis: branching per 
1000 CH2: total Methyls (95.4), Methyl (33.3), Ethyl 
^(17.2), Propyl (5.2), Butyl (10.8), Amyl (3.7), >Hex 
and End Of Chain (27.4); chemical shifts were 
referenced to the solvent: the high field carbon of 
1, 2 , 4-trichlorobenzene (127.8 ppm). Gel permeation 
chromatography ( t r ichlorobenzene , 13 5 C , polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn=149,000; Mw=347,000;, 
Mw/Mn=2.33. Density (determined at room temperature 
with a helium gas displacement pycnometer) : 0.8544 ± 
0.0007 g/cc . 

g^^^mple 99 

Approximately 10 -mesh silica granules were dried 
at 2 00 °C and were impregnated with a methylene chloride 
solution of { [(2,6-i-PrPh)2DABMe2]PdCH2CH2C(0)CH3}SbF6* 
to give a 10 wt% loading of the catalyst on silica. 

A 0.53-g (0.063 mmol) sample of silica, gel 
containing 10 wt% {[(2,6-i- 

PrPh) 2DABMe2] PdCH2CH2C (O) CHajSbFg" was placed in a 600-mL 
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Parr® stirred autoclave under nitrogen. To this was 
added 40 mL of dry, deaerated hexane . The autoclave 
was stirred and pressurized to 5.5 MPa with ethylene; 
the ethylene feed was then turned off. The internal 
5 temperature peaked briefly at 31°C. The reaction was 
stirred for 14 hr at 23 °C as the pressure dropped to 
5.3 MPa; the ethylene was then vented. The autoclave 
contained a clear, yellow, gooey rubber swollen with 
hexane. The product was dissolved in 200 mL 
10 chloroform, filtered through glass wool, rotary 

evaporated, and held under high vacuum to yield 7.95 g 
p (4500 catalyst turnovers) of gummy, roibbery 

polyethylene. NMR analysis (CDCI3) : 96 methyl 

carbons per 1000 methylene carbons. .Gel permeation 
Si 15 chromatography ( trichlorobenzene , 135*=*C, polystyrene 

l^l reference, results calculated as polyethylene using 

M universal calibration theory): Mn=6,900; Mw=118,000; 

1,. Mw/Mn=17.08, 

Ji E?c^mple 99 ' 

W 20 A 108-mg (0.073 mmol) sample of {[(2,6-i- 

PrPh) sDABMeal PdCH2CH2C(0) CHsIbAF" was placed in a 600-mL 
H' Parr® stirred autoclave under nitrogen. To this was 

added via syringe 75 mL of deaerated reagent grade 
methyl acrylate containing 10 0 ppm hydroquinone 
25 monomethyl ether and 100 ppm of phenothiazine . The 

autoclave was pressurized to 5.5 MPa with ethylene and 
was stirred at 35 °C as ethylene was continuously fed 
for 90 hr; the ethylene was then vented. The product 
consisted of a swollen clear foam wrapped around the 
30 impeller; 40 mL of unreacted methyl acrylate was poured 
off the polymer. The polymer was stripped off the 
impeller and was held under high vacuum to yield 3 8.2 g 
of clear, grayish, somewhat -tacky rubber. NMR 
analysis (CDCI3) : 99 methyl carbons per 1000 methylene 
35 carbons. Comparison of the integrals of the ester 
methoxy (3,67ppm) and ester methylene (CH2COOMe; 
2.3 0ppm) peaks with the integrals of the carbon chain 
methyls (0.8-0.9ppm) and methylenes (1.2-1.3ppm) 



196 



10 



indicated a methyl acrylate content of 0 . 9 mol% (2.6 
wt%) . This product yield and composition represent 
18,400 ethylene turnovers and 158 methyl acrylate 
turnovers. ^^C NMR analysis: branching per 1000 CH2 : 
total Methyls (105.7), Methyl (36.3), Ethyl (22), 
Propyl (4.9), Butyl (10.6), Amyl (4), >Hex and End Of 
Chain (27.8), methyl acrylate" (3 .4) ; ester-bearing 
-CH(CH2)nC02CH3 branches as a % of total ester: n^5 
(40.6), n=l,2,3 (2.7), n=0 (56.7); chemical shifts were 
referenced to the solvent: the high field carbon of 
1,2,4-trichlorobenzene (127.8 ppm). Gel permeation 
chromatography (tetrahydrofuran, 3 0°C, 

polymethylmethacrylate reference, results calculated as 
polymethylmethacrylate using universal calibration 
15. theory) : Mn=151, 000; Mw=272, 000;. Mw/Mn=l. 81. 

A 62 -mg (0.074-mmol) sample of 
{ [ (2,6-i-PrPh)2DABMe2]PdMe(Et20) }SbF6- was placed in a 
600-mL Parr® stirred autoclave under nitrogen with 200 
rtiL of deaerated aqueous 10% (v/v) n-butanol . The 
autoclave was pressurized to 2 . 8 MPa with ethylene and 
was stirred for 16 hr . The ethylene was vented and the 
polymer suspension was filtered. The product consisted 
of a fine gray powdery polymer along with some larger 
particles of sticky black polymer; the polymer was 
washed with acetone and dried to yield 0.60 g (290 
catalyst turnovers) of polyethylene. The gray 
polyethylene powder was insoluble in chloroform at RT; 
it was soluble in hot tetrachloroethane , but formed a 
gel on cooling to RT. iR. NMR analysis 

(tetrachloroethane-d2; 100°C) : 43 methyl carbons per 
1000 methylene carbons. Differential scanning 
calorimetry exhibited a melting point at sg-C (78J/g) 
with a shoulder at 70 °C; there was no apparent glass 
35 transition. 

A 78-mg (0.053-mmol) sample of {[(2,6-i- 
PrPh)2DABMe2]PdCH2CH,C(0)CH3}BAF- was placed in a 600-mL 
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Parr® stirred autoclave under nitrogen. To this was 
added 4 0 mL of dry, deaerated t -butyl acrylate 
containing 100 ppm hydroquinone monomethyl ether. The 
autoclave was pressurized with ethylene to 2 . 8 MPa and 
was stirred and heated at 3S'>C as ethylene was 
continuously fed at 2 . 8 MPa for 24 hr; the ethylene was 
then vented. The product consisted of a yellow, gooey 
polymer which was dried under high vacuum to yield 6.1 
g of clear, yellow, rubbery ethylene/ t -butyl acrylate 
copolymer which was quite tacky. NMR analysis 

{CDCI3): 102 methyl carbons per 1000 methylene carbons, 
comparison of the integral of the ester t-butoxy (1.44; 
ppm) peak with the integrals of the carbon chain 
methyls (0.8-0.9ppm) and methylenes (1.2-1.3ppm) 
indicated a t-butyl acrylate content of 0 . 7 mol% (3.3 
wt%) . This yield and composition represent 3960 
ethylene turnovers and 30 t-butyl acrylate turnovers. 
Gel permeation chromatography (tetrahydrof uran, 30-0, 
polymethylmethacrylate reference, results calculated as 
polymethylmethacrylate using universal calibration 
theory): Mn=112,000; Mw=179,000; Mw/Mn=l-60. 

A 19-mg (0.022-mmol) sample of 
{ [(2,6-i-PrPh)2DABMe2]PdCH2CH2C(0)CH3}SbF6- was placed in 

25 a 600-mL Parr® stirred autoclave under nitrogen. The 
autoclave was pressurized to 5 . 2 MPa with ethylene and 
was- stirred for 2 hr; the ethylene feed was then shut 
off. The autoclave was stirred for 16 hr more as the 
ethylene pressure dropped to 5 . 0 MPa; the ethylene was 
then vented. The autoclave contained a light yellow, 
granular sponge rubber growing all over the walls and 
head of the autoclave; this was scraped out to yield 
13.4 g (21,800 catalyst turnovers) of. spongy, non- 
tacky, rubbery polyethylene which was very strong and 
elastic. iH NMR analysis (CDCI3) : 90 methyl carbons 
per 1000 methylene carbons. 

Differential scanning calorimetry exhibited a 
glass transition at -50°C. Gel permeation 
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chromatography (trichlorobenzene, 135 °C, polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn=175,000; Mw=476,000; 
I^w/Mn=2 . 72 . 

5 gxample 3-03 

A 70-mg ( 0 . 04 7 -mmol) sample of {[(2,6-i- 
PrPh) sDABMes] PdCHaCHaC (O) CHajBAF" was placed in a 600-mL 
Parr® stirred autoclave under nitrogen. To this was 
added 70 mL of deaerated reagent grade methyl acrylate 

10 containing 10 0 ppm each hydroquinone monomethyl ether 
and phenothiazine and 0 . 7 mL (1 wt%; 4.7 mol%) 
deaerated, deionized water. The autoclave was stirred 
at 35°C as ethylene was continuously fed at 4.8 MPa for 
16 hr; the ethylene was then vented. The product 

15 consisted of a clear solution. Rotary evaporation 

yielded 1.46 g of ethylene/methyl acrylate copolymer as 
a clear oil. The infrared spectrum of the product 
exhibited a strong ester carbonyl stretch at 1740cm"^. 
NMR analysis (CDCI3) : 118 methyl carbons per 1000 

20 methylene carbons. Comparison of the integrals of the 
ester' methoxy (3.67ppm) and ester methylene (£H2COOMe; 
2.3 0ppm) peaks with the integrals of the carbon chain 
methyls (0.8-0.9ppm) and methylenes (l,2-1.3ppm) 
indicated a methyl acrylate content of 0.7 mol% (2,2 

25 wt%) . This product yield and composition represent 
1090 ethylene turnovers and 8 methyl acrylate 
turnovers. Gel permeation chromatography 
(trichlorobenzene, 135*=*C, polystyrene reference, 
results calculated as polyethylene using universal 

30 calibration theory): Mn=362; Mw=908; iyiw/Mn=2 . 51 . 

gxample 104 
A 53-mg (0.036-mmol) sample of {[(2,6-i- 
PrPh) sDABMes] PdCHaCHsC (O) CHajBAF" was placed in a 600-mL 
Parr® stirred autoclave under nitrogen. To this was 

35 added 100 mL of dry, deaerated methylene chloride. The 
autoclave was immersed in a cool water bath and stirred 
as it was pressurized to 4 , 8 MPa with ethylene. 
Ethylene was continuously fed with stirring at 4.8 MPa 
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and 230c for 23 hr; the ethylene then was vented. The 
product consisted of a clear rubber, slightly swollen 
with methylene chloride. The polymer was dried under 
.high vacuum at room temperature to yield 34 . 5 g (34,100 
catalyst turnovers) of clear rubbery polyethylene. H 
NMR analysis (CDCI3) •- HO methyl carbons per 1000 
methylene carbons. Gel permeation chromatography 
(trichlorobenzene, 135oc, polystyrene reference, ^ 
results calculated as polyethylene using universal 
calibration theory): Mn=243,000; Mw=676,000; 
Mw/Mn=2-78. 

A 83-mg (0.056-mmol) sample of {[(2,6-i- 
PrPh).DABMe.]PdCH.CH.C(0)CH3}BAF-. was placed in a 600-mL 
15 Parr® stirred autoclave under" nitrogen . To thxs was 

iLed 70 mL of dry, deaerated, ethanol-free chloroform. 
The autoclave was immersed, in a cool water bath and 
Lirred as it was pressurized to 4.7 ^ith ethylene 

Ethylene was continuously fed with st.rrxng at 4.7 MPa 
and 230c for 21 hr; the ethylene then was vented. The 
product consisted of a pink, rubbery, foamed 
polyethylene, slightly swollen with chloroform^ The 
polymer was dried under vacuum at 40=0 to y.eld 70.2 g 
(44,400 catalyst turnovers) of pink, rubbery 

oT-irrhi-lv tacky. NMR analysxs 

9*5 Dolvethylene which was slightly cac^y . 

cScl3) • Hi --"Vl cartons per 1000 .ethylene cartons 
Gel permeation chromatography (trichlorobenzene, 135 c, 
polystyrene reference, results calculated as 
polyethylene using universal calibration theory) = 
Mn=213,000; M„.728,000; ,M„/Mn-3.41. 

A 44-mg (0.052-mmol) sample of ([(2,6-i- 
PrPh).DABMe,)PdCH,CH,c(0)CH,}SbF.- was . magnetically 
stirred under nitrogen in a 50-mI, Schlenlc flas^ wxth 20 
m^ of dry. deaerated methylene chloride. To thxs was 
added S ^ (S.25 g; ..3 mmol) of freshly drst.lled 
acrylic acid (contains a few ppm of phenothrazrne as a 
radical polymerization inhibitor) via syrrnge and the 
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mixture was immediately pressurized with ethylene at 
5.52 kPa and stirred for 40 hr. The dark yellow 
solution was rotary evaporated and the residue was 
stirred with 50 mL water for 15 min to extract any 
acrylic acid homopolymer. The water was drawn off with 
a pipette and rotary evaporated to yield 50 mg of dark 
residue. The polymer which had been water-extracted 
was heated under high vacuum to yield 1.30 g of 
ethylene/acrylic acid copolymer as a dark brown oil , 
The infrared spectrum showed strong COOH absorbances at 
3400-2500 and at 1705cm"^, as well as strong methylene 
absorbances at 3000-2900 and 1470cm"^. 

A 0.2-g sample of the ethylene/acrylic acid 
copolymer was treated with diazomethane in ether to 
esterify the COOH groups and produce an ethylene/methyl 
acrylate copolymer. The infrared spectrum of the 
esterified copolymer showed a strong ester carbonyl 
absorbance at 1750cm~^; the COOH absorbances were gone. 
^H NMR analysis (CDCI3) : 87 methyl carbons per 1000 
methylene carbons . Comparison of the integrals of the 
ester methoxy (3,67ppm) and ester methylene (£H2COOMe; 
2.30ppm) peaks with the integrals of the carbon chain 
methyls (0.8-0.9ppm) and methylenes (1.2-1.3ppm) 
indicated a methyl acrylate content of 5.3 mol% (14.7 
wt% methyl acrylate => 12.3 wt% acrylic acid in the 
original copolymer) . This product yield and 
composition represent 780 ethylene turnovers and 4 3 
acrylic acid turnovers. Gel permeation chromatography 
( t et rahydrof uran , 3 0 ° C , polymethylmethacrylate 
reference, results calculated as polymethylmethacrylate 
using universal calibration theory) : Mn=25,000; 
Mw=42, 800; Mw/Mn=l . 71 . 

Listed below are the ^^C NMR data upon which the 
above analysis is based. 



C NMR Data 



Freq ppm 
51 . 0145 
45 .434 
38 .8925 
38 . 5156 



CDCI3, 0.05M CrAcAc, 30C 
Intensity 
24.9141 

1.11477 MEBq 
2 .29147 
6 . 51271 
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37.3899 10.7484 

37.0713 17.3903 

36.7634 17.6341 

36.4182 3.57537 

36.2961 6.0822 

34.459 2.158 

34.0289 9.49713 

33.7369 34.4456 

33.3705 49.2646 

32.8926 18.2918 

32.3935 10.5014 

32.0271 3.5697 SBg 

31.5705 30.6837 3B6+, 3EOC 

31.1723 1.54526 

29.813 46.4503 

29.3511 117.987 

29.1387 21.034 

28.9953 30.603 

28.613 7.18386 

27.2007 8.02265 

26.744 23.8731 

26.3777 46.8498 

26.006 5.42389 

25.5547 8.13592 

25 0609 5.46013 2 EB4 (tentative) 

24.9175 2.30355 2 EB4 (tentative) 



24 .6042 



10 . 5124 
176 . 567 



15.7434 2 EBgH 



23.7547 2.78914 - 

23.3777 5.63727 
22.7936 8.07071 2B4 

22.6768 • 3.78032 2B4 

22.3211 33.1603 2B5+, 2EOC 

19 . 3477 
18 .8645 
14 .1814 
13 . 7407 

11.0274 6.19758 IB2 

10.4707 IB2 
9.61122 EBq carbonyl 



15.4369 

5.97477 IBi 

1.99297 IB3 

38.5361 IB4+, lEOC 



174 05 9.03673 EBi+ carbonyl 

173.779 85.021 EBi+ carbonyl 

A 25-mg (0 . 029-mmol) sample of {[(2,6-i- 
PrPh)2DABMe2]PdCH2CH2C(0)CH3}SbF6- was magnetically 
stirred under 55.2 kPa of ethylene in a 50-mL Schlenk 
flask with 2 0 mL of dry methylene chloride and 5 mL 
(4.5 g; 39 mmol) of methyl 4-pentenoate for 40 hr at 
room temperature. The yellow solution was rotary 
evaporated to yield 3.41 g of ethylene/methyl 4- 
pentenoate copolymer as a yellow oil. The infrared 
spectrum of the copolymer showed a strong ester 
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carbonyl absorbance at 1750cni"^. NMR analysis 

(CDCI3) : 84 methyl carbons per 1000 methylene carbons. 
Comparison of the integrals of the ester methoxy 
(3.67ppm) and ester methylene (£2i2COOMe; 2.30ppm) peaks 
with the integrals of the carbon chain methyls (0.8- 
0 . 9ppm) and methylenes (1.2-1.3ppm) indicate^d a methyl 
4-pentenoate content of 6 mol% (20 wt%) . This yield 
and composition represent about 3400 ethylene turnovers 
and 200 methyl 4-pentenoate turnovers. ^^C NMR 
quantitative analysis: branching per 1000 CH2 : total 
Methyls (93.3), Methyl (37.7), Ethyl (18. 7), Propyl (2), 
Butyl (8.6), >Am and end of chains (26.6), >Bu and end' 
of chains (34.8); ester-bearing branches -CH (CH^) ^COsCHa 
as a % of total ester: n>5 (38.9), n=4 (8.3), n=l,2,3 
(46.8), n=0 (6); chemical shifts were referenced to the 
solvent: chloroform-di (77 ppm) . Gel permeation 
chromatography ( tetrahydrof uran, 3 0°C, 

polymethylmethacrylate reference, results calculated as 
polymethylmethacrylate using universal calibration 
theory): Mn=32,400; Mw=52,500; Mw/Mn=l . 62 . 

gx;ampl^ 3.07 
A 21-mg {0.025-mmol) sample of {[(2,6-i- 
PrPh) 2DABMe2] PdCH2CH2C (O) CHajSbFe' was magnetically 
stirred under nitrogen in a 50-mL Schlenk flask with 5 
mL of dry methylene chloride and 5 mL (4.5 g; 39 mmol) 
of methyl 4-pentenoate for 74 hr . The yellow solution 
was rotary evaporated to yield 0.09 g of a yellow oil, 
poly [methyl 4-pentenoate]. The infrared spectrum 
showed a strong ester carbonyl absorbance at 1750cm~^. 
The NMR (CDCI3) spectrum showed, olefinic protons at 
5.4-5.5ppm; comparing the olefin integral with the 
integral of the ester methoxy at 3.67ppm indicates an 
average degree of polymerization of 4 to 5. This 
example demonstrates the ability of this catalyst to 
homopolymerize alpha olefins bearing polar functional 
groups not conjugated to the carbon-carbon double bond. 
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p.y^mplp- 108 

A 53-mg ( 0 . 063 -mmol) sample of {[(2,6-i- 
PrPh)2DABMe2]PdCH2CH2C(0)CH3}SbFs- was placed in a 600-inL 
Parr® stirred autoclave under nitrogen. To this was 
added 25 tnL of dry, deaerated toluene and 25 mL (26 g; 
0.36. mol) of freshly distilled acrylic acid containing 
about. 100 ppm phenothiazine. The autoclave was 
pressurized to 2 . 1 MPa with ethylene and was stirred 
for 68 hr at 23 °C; the ethylene was then vented. The 
autoclave contained a colorless, hazy solution. The 
solution was rotary evaporated and the concentrate was 
taken up in 50 mL of chloroform, filtered through 
diatomaceous earth, rotary evaporated, and then held 
under high vacuum to yield 2.23 g of light^brown, very 
viscous liquid ethylene/acrylic acid copolymer. The 
infrared spectrum showed strong COOH absorbances at 
3400-2500 and at ITOScm"!, as well as strong methylene 
absorbances at 3000-2900 and 1470cm-l. 

A 0.3-g sample of the ethylene/acrylic acid 
copolymer was treated with diazomethane in ether to 
esterify the COOH groups and produce an ethylene/methyl 
acrylate copolymer. The infrared spectrum showed a 
strong ester carbonyl absorbance at 1750cm-l; the COOH 
absorbances were gone. ^H NMR analysis (CDCI3) ■- 96 
methyl carbons per 1000 methylene carbons. Comparison 
of the integrals of the ester methoxy (3.67ppm) and 
ester methylene (CH2C00Me; 2.30ppm) peaks with the 
integrals of the carbon chain methyls (0.8-0.9ppm) and 
methylenes (1.2-1.3ppm) indicated a methyl acrylate 
content of 1 . 8 mol% (5.4, wt% methyl acrylate => 4.5 wt% 
acrylic acid in the original copolymer) . This product 
yield and composition represent 1200 ethylene turnovers 
and 22 acrylic acid turnovers. Gel permeation 
chromatography (trichlorobenzene , 135°C, polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn=5,330; M„=15,000; 
Mw/Mn=2 . 82 . 
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Example 10 9 

A 600 -mL stirred Parr® autoclave was sealed and 
flushed with nitrogen. Fifty mL (48 g; 0.56 mol) of 
dry, deaerated methyl acrylate was introduced into the 
autoclave via gas tight syringe through a port on the 
autoclave head. Then 60 mg (0.07 mmol) of {[(2,6-i- 
PrPh) jDABiyies] PdMe (EtsO) }BAF" was introduced into the 
autoclave in the following manner: a 2.5-mL gas tight 
syringe with a syringe valve was loaded with 6 0 mg of 
{ [ (2 , 6-i-PrPh) sDABMeal PdMe (EtaO) }BAF" under nitrogen in 
a glove box; then 1 mL of dry, deaerated methylene 
chloride was drawn up into the syringe and the content's 
were quickly injected into the autoclave through a head 
port. This method avoids having the catalyst in 
solution with no stabilizing ligands . 

The autoclave body was immersed in a running tap 
water bath; the internal temperature was very steady at 
22 °C. The autoclave was pressurized with ethylene to 
2.8 MPa and continuously fed ethylene with stirring for 
4.5 hr. The ethylene was then vented and the product, 
a mixture of methyl acrylate and yellow gooey polymer, 
was rinsed out of the autoclave with chloroform, rotary 
evaporated, and held under high vacuum overnight to 
yield 4 . 2 g of thick, light-brown liquid 
ethylene /methyl acrylate copolymer. The infrared 
spectrum of the product exhibited a strong ester 
carbonyl stretch at 1740cm-l. NMR analysis (CDCI3): 

82 methyl carbons per 1000 methylene carbons. 
Comparison of the integrals of the ester methoxy 
(3.67ppm) and ester methylene (£H2COOMe; 2.30ppm) peaks 
with the integrals of the carbon chain methyls (0.8- 
0 . 9ppm) and methylenes (1.2-1.3ppm) indicated a methyl 
acrylate content of 1.5 mol% (4.4 wt%) . This product 
yield and composition represent 2000 ethylene turnovers 
and 31 methyl acrylate turnovers. ^^C NMR analysis: 
branching per 1000 CH2 : total Methyls (84,6), Methyl 
(28.7), Ethyl (15.5), Propyl (3.3), Butyl (8.2), >Hex 
and End Of Chain (23.9), methyl acrylate (13.9). Ester- 
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bearing -CH {CH2 ) nC02CH3 branches as a % of total ester: 
n>5 (34.4), n=4 (6.2), n=l,2,3 (13), n=0 (46.4). Mole% : 
ethylene (97.6), methyl acrylate (2.4); chemical shxfts 
were referenced to the solvent: the high field carbon 
of 1,2,4-trichlorobenzene (127.8 ppm) . Gel permeatxon 
chromatography (tetrahydrof uran, 30°C, 

polymethylmethacrylate reference, results calculated as 
polymethylmethacrylate using universal calibration 
theory): Mn=22,000; Mw=45,500; Mw/Mn=2.07. 

A mixture, of 1.45 g of this ethylene/methyl 
acrylate. copolymer, 20 mL dioxane, 2 mL water, and 1 

of 50% aqueous NaOH was magnetically stirred at ; 
reflux under nitrogen for 4.5 hr. The liquid was then 
decanted away from the swollen polymer and the polymer 
was stirred several hours with three changes of boxl.ng 
water. The polymer was filtered, washed with water and 
methanol, and dried under vacuum (SQoc/nitrogen purge) 
to yield 1.2 g soft of ionomer rubber, insoluble xn hot 
chloroform. The FTIR-ATR spectrum of a pressed film 
(pressed at l25°C/6.9 MPa) showed a strong ionomer peak 
at 1570cm-l and virtually no ester carbonyl at 1750cm 
1 The pressed film was a soft, slightly tacky rubber 
with about a 50% elongation to break. This example 
demonstrates the preparation of an ionomer from thxs 
25 ethylene/methyl acrylate polymer. 

The complex [ (2 , 6 -i-PrPh) sDABMesl PdMeCl (0.020 g, 
0.036 mmol) was weighed into a vial and dissolved xn 6 
ml CH2C12- NaBAF (0.032g, 0.036 mmol) was rinsed xnto 
the stirring mixture with 4 ml of CH2CI2 • There was an 
immediate color change from orange to yellow. The 
solution was stirred under 6.2 MPa ethylene xn a Fxsher 
Porter tube with temperature control at 19»C.. The 
- internal temperature rose to 22oc during the fxrst 15 
35 minutes. The temperature controller was raised to 
30°C After 35 minutes, the reaction was consuming 
ethylene slowly. After a total reaction time of about 
20 h, there was no longer detectable ethylene 
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consumption, but the lic[uid level in the tube was 
noticeably higher. Workup by addition to excess MeOH 
gave a viscous liquid precipitate. The precipitate was 
redissolved in CH2CI2/ filtered through a 0.5 micron 
PTFE filter and reprecipitated by addition to excess 
MeOH to give 7.208 g dark brown viscous oil (7180 
equivalents of ethylene per Pd) . NMR (CDCI3) 0.8- 

1.0 (m, CH3) ; 1.0-1.5 (m, CH and CH2) . Integration 
allows calculation of branching: 118 methyl carbons per 
1000 methylene carbons. GPC in THF vs. PMMA standard: 
Mn=12,700, Mw=28,800, Mw/Mn=2.26. 

Example 111 
The solid complex {[{2,6-i- 
PrPh) jDABMea] PdMe (EtsO) ISbFg' (0.080 g, 0.096 mmol) was 
placed in a Schlenk flask which was evacuated and 
refilled with ethylene twice. Under one atm of 
ethylene, black spots formed in the center of the solid 
complex and grew outward as ethylene was polymerized in 
the solid state and the resulting exotherm destroyed 
the complex. Solid continued to form on the solid 
catalyst that had not been destroyed by the exotherm, 
and the next day the flask contained considerable solid 
and the reaction was still slowly consuming ethylene. 
The ethylene was disconnected and 1.808 g of light gray 
elastic solid was removed from the flask (644 
equivalents ethylene per Pd) . The NMR in CDCI3 was 
similar to example 110 with 101 methyl carbons per 1000 
methylene carbons. Differential Scanning Calorimetry 
(DSC) : first heat 25 to 150*^C, 15°C/min, no events; 
second heat -150 to 150^C, Tg = -53^C with an 
endothermic peak centered at -20°C; third heat -150 to 
275 °C, Tg = -51^C with an endothermic peak centered at 
-2 0 °C. GPC (trichlorobenzene, 13 5 °C, polystyrene 
reference, results calculated as linear polyethylene 
using universal calibration theory): Mn=13,000 
Mw=313 ,000 Mw/Mn=24 . 
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The complex { [ (2 , 6-i-PrPh) ^DABMe^l PdMe (Et^O) ISbFs" 
(0 084 g, 0.100 mmol) was loaded into a Schlenk flask 
in the drybox followed by 40 ml of dry dioxane . The 
5 septum-capped flask was connected to a Schlenk line and 
the flask was then briefly evacuated and refilled wxth 
ethylene. The light orange mixture was stirred under 
an ethylene atmosphere at slightly above 1 atm by using 
a mercury bubbler. There was rapid uptake of ethylene. 
10 A room temperature water bath was used to control the 
temperature of the reaction. After 20 h, the reactxon 
was worked up by removing the solvent in vacuo to gxve ; 
10 9 g of a highly viscous fluid (3870 equivalents of 
ethylene per Pd) . Dioxane is a solvent for the Pd 
15 complex and a non-solvent for the polymer product. H 
NMR (CDC13) 0.8-1.0 (m, CH3); 1.0-1-5 (m, CHand CH2). 
integration allows calculation of branching: 100 methyl 
carbons per 1000 methylene carbons. GPC 
(trichlorobenzene, 135oC, polystyrene reference, 
20 results calculated as linear polyethylene usxng 

universal calibration theory) : Partially resolved 
trimodal distribution with Mn=16300, Mw=151000 
Mw/Mn=9.25. DSC (second heat,-150°C to 150°C, 
15°C/min) Tg=-63°C. endothermic peak centered at - 
25 30°C. 

Fyampip- 113 
Polymerization of ethylene was carried out 
according to example 112, using pentane as solvent. 
Pentane is a non-solvent for the Pd complex and a 
30 solvent for the polymer product. The reaction gave 

7 47 g of dark highly viscous fluid (2664 equxvalents 
of ethylene per Pd) . NMR analysis (CDCI3) : 126 

methyl carbons per 1000 methylene carbons. C NMR 
analysis, branching per 1000 CH2 : Total . methyls 
35 (128.8), Methyl (37.8), Ethyl (27.2), Propyl (3.5), 
Butyl (14.5), Amyl (2.5), >Hexyl and end of charn 
(44 7), average number of carbon atoms for >Hexyl 
branches = 16.6 (calculated from intrinsic viscosxty 
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and OPC molecular weight dat.) . =-";;""7 ^^^J'/^^ 
CHaCH<CH3)CH.CH3 structure per 1000 CH.- 8-3^ These 
.ids chains are counted as a Methyl branch and an Ethyl 
branch in the quantitative branching analyses. 
(trichXorobenzene, 135*C, polystyrene reference, 
results calculated as linear P°^vethylene us.ng 
universal calibration theory) = «n-9.800, M„.16,100, 
T/Mn-l ^ intrinsic viscosity (trichlorobenzene, 
"is^C) - 0 125 g/d^. Absolute molecular weights 
ca cu a'ted by OPC (trichlorobenzene, 135»C, polystyrene 

I corrected for branching using measured 

rn rsrc'vlsrsity,: „n.3...00, „w=se SCO Mw/Mn-1.-.: 

^ V. =^ IROOC to IBO'C, 15°C/min) Tg - 
DSC (second heat. -150 c co . ^ 

710C, endothermic peak centered at -43- C. 

polymerization of ethylene, -^^^^^^^^^^^ 

according to example J ^^Z: : solvent for .oth 

water as the medium. Water is a non ^^^^ure 
the Pd complex and the polymer product. The 
Z .orked up .y .ecantin. - water ..om he p oduc. 
which was then dried in vacuo to gxve 0.427 g 

sticky solid (152 ec^ivalents of ethylene per Pd) . 
-, (CDCl^)- 97 methyl carbons per 1000 

NMR analysis (CDCXSi- =" ^ t?5°C 

f-nr (trichlorobenzene, XJ^ ^» 

methylene carbons. GPC itricniij t.^^^t- 

polystyrene reference, results 

polyethylene using universal calibration theory) . 
Mn.25,100, M„.208,000, M„/Mn=3-31. 

R-iffimr"''' ''"'^ 
polymerization of ethylene was carried out 

1= n3 using 2 -ethylhexanol as the 
0 according to example 112-, usrng y ^ 

solvent. The Pd complex is sparingly soluble xn th 
solvent and the polymer product is rnsoluble The 
polymer product formed small dar. ^^^^^^ 
viscosity liquid suspended m the ^ ^t y 
,3 solvent was decanted and the polymer J- f^^^^^ 

i t- r=i-e>ri bv addition ox exi-c:="' 
CHCl^ and reprecipitatea oy ciu^ 

The solvent was decanted, and the -P""^-/^^^^^^, 
polymer was dried in vacuo to give 1.6. g of a dar.c 
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highly viscous fluid (591 equivalents of ethylene per 
Pd) IH NMR analysis (CDCI3) = 122 methyl carbons per 
1000 methylene carbons. GPC (trichlorobenzene , 135oC, 
polystyrene reference, results calculated as Ixnear 
polyethylene using universal calibration theory) : 
Mn=7,890, Mw=21.600, Mw/Mn=2 • 74 . 

The solid complex {[ (2 , 6-1- 

«\\ov,T7" fn 084 a. 0.100 mmol) was 
PrPh) ,DABMe.] PdMe <Et,0) )SbF. (0 . 084 g. 

loaded into a Sohlenk tlask in the drybox. The flask 
was connected to a Schlenk line under 1 atm o£ 

i-r, -78''C Solvent, CH2CI2. *" ml' 
ethylene, and cooled to 78 i-. ^. 

was added by syringe and after equil.bratxng at -78 
under ethylene, the mixture was. warmed to -<=°^ 
temperature under ethylene. The mixture was starred 
und!r an ethylene atmosphere at slightly above 1 atm by 
using a mercury bubbler. There was rapid uptake of 
ethylene. A room temperature water bath was used to 
conLol the temperature of the reaction. After 2. h 
the reaction was worked up by removing ^^^^ ^^^^^^ 
vacuo to give 24.5 g of a highly viscous fluid (8730 
equivalents of ethylene per Pd) . CH2CI2 i- a good 
solvent for both the Pd complex and the polymer 
product. The polymer was dissolved in CH2CI2, and 
reprecipitated by addition to excess MeOH in a tared 
flask. The solvent was decanted, and the „ , 

reprecipitated polymer was dried in vacuo to gxve 21.3 
g of a dark highly viscous fluid. ««R ^"^^^"^^^^^ 

!cDCl3) : 105 methyl carbons per 1000 methylene carbons. 
C-13 NMR analysis, branching per 1000 CH2= Total 
methyls (118..., »ethyl (36.2), Ethyl (2S..,, Propyl 
(2.9), Butyl (11.9). Amyl (1.7), aiexyl and end of 
chains (34.4) , average number of carbon atoms for _ 
Hexyl branches - 22.5 (calculated from intrrnsrc 

3S v::cosity and OPC molecular weight -"^^00 r;""s l"" 
Of the -CH.CH(CH3,CH.CH3 structure per 1000 CH. s^ ^1. 
These side chains also counted as a Methyl 
an Ethyl branch in the quantitative branching analysis. 
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GPC (trichlorobenzene, 135°C, polystyrene reference, 
results calculated as linear polyethylene using 
universal calibration theory): Mn-25,800, Mw=45,900, 
Mw/Mn=l-78. Intrinsic viscosity ( trichlorobenzene , 
13 5°C) = 0.24 g/dL. Absolute molecular weights 
calculated by GPC ( trichlorobenzene , 13 5*=*C, polystyre: 
reference, corrected for branching using measured 
intrinsic viscosity): Mn=104 , 000 , Mw=188,000, 
Mw/Mn=i-Sl- 

Listed below are the ^^C NMR data upon which the 
above analysis is based. 
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i^C NMR Data 
TCB, 120C, 0.06M CrAcAc 
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F.Tfample 117 
Polymerization of ethylene was carried out 
according to example 116, at a reaction temperature of 
0°C and reaction time of several hours. The polymer 
product formed a separate fluid phase on the top of the 
mixture. The reaction was quenched by adding 2 ml 
acrylonitrile. The product was moderately viscous 
fluid, 4.5 g (1600 equivalents of ethylene per Pd) . 
NMR analysis (CDCI3) : 108 methyl carbons per 1000 
) methylene carbons. 13c NMR analysis, branching per 
1000 CH2: Total methyls (115.7), Methyl (35.7), Ethyl 
(24.7), Propyl (2.6), Butyl (11.2), Amyl (3.2), ^exyl ; 
and end of chain (37.1). Quantitation of the - 
CH2CH(CH3)CH2CH3 structure per 1000 CH2 ' s T 7 . 0 . These 
5 side chains are counted as a Methyl branch and an Ethyl 
branch in the quantitative branching analysis. GPC 
(trichlorobenzene, 135oC, polystyrene reference, 
results calculated as linear polyethylene using 
universal calibration theory: Mn=15,200, Mw=23,700, 
0 Mw/Mn=l-56. 

TT.YqTppT 118 

The Pd complex {[(2,6-i- 
PrPh)2DABMe,]PdCH2CH,CH,C(0)OCH3}SbF6- (0.084 g, 0.100 
mmol) was loaded into a Schlenk flask in the drybox, 
25 and 40 ml of FC-75 was added. The septum-capped flask 
was connected to a Schlenk line and the flask was then 
briefly evacuated and refilled with ethylene from the 
schlenk line. The mixture was stirred under an 
ethylene atmosphere at slightly above 1 atm by using a 
30 mercury bubbler. Both the Pd initiator and the polymer 
are insoluble in FC-75. After 15 days, the reaction 
flask contained a large amount of gray elastic solid. 
.The FC-75 was decanted, and the solid polymer was then 
dissolved in CHCI3 and precipitated by addition of the 
35 solution to excess MeOH. The polymer was dried in 
vacuo, and then dissolved in o-dichlorobenzene at 
100°C. The hot solution was filtered through a 10 ^m 
PTFE filter. The filtered polymer solution was shaken 
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in a separatory funnel with concentrated sulfuric acxd, 
followed by distilled water, followed by 5% NaHCOs 
solution, followed by two water washes. The polymer 
appeared to be a milky suspension in the organic layer 
during this treatment. After washing, the polymer was 
precipitated by addition to excess MeOH in a blender 
and dried at room temperature in vacuo to gxve 19.6 g 
light gray elastic polymer fluff (6980 equivalents of 
ethylene per Pd) . NMR analysis (CDCI3) : 112 methyl 

carbons per 1000 methylene carbons. 13c NMR analysis, 
branching per 1000 CH2 : Total methyls (114.2), Methyl 
(42 1), Ethyl (24.8), Propyl (5.1), Butyl (10.2), Amyl • 
(4) ^exyl and end of chain (30 . 3) , average number of 
carbon atoms for.>Hexyl branches =14.4 (calculated 
from intrinsic viscosity and GPC molecular weight 
data) GPC (trichlorobenzene, 135°C, polystyrene 
reference, results calculated as linear polyethylene 
using universal calibration theory: Mn=llO,000, 
Mw=265,000, Mw/Mn=2.40. Intrinsic viscosity 
) (trichlorobenzene, 13.500 =1.75 g/dL. Absolute 

molecular weights calculated by GPC (trichlorobenzene, 
i35°C polystyrene reference, corrected for branching 
using measured intrinsic viscosity): Mn=214,000, 

Mw=535,000, Mw/Mn=2-51. 
25 TTv-pinplft 119 

Polymerization of ethylene was carried out 
according to example 112, using the complex {^(2,6-.- 
PrPh).DABMe,]PdCH,CH,CH3C(0)OCH3}SbFs- (0.084 g, 0.100 
mmol) as the initiator and CHCI3 as the solvent. The 
30 reaction gave 28.4 g of dark viscous fluid (10,140 
equivalents of ethylene per Pd) . NMR analysis 

(CDCI3) : 108 methyl carbons per 1000 methylene carbons 
13c NMR analysis, branching per 1000 CH2 : Total methyl 
(119 5), Methyl (36.9), Ethyl (25.9), Propyl (2.1), 
35 Butyl (11), Amyl (1-9), >Hexyl and end of chain 

(38 9) GPC (trichlorobenzene, 135°C, polystyrene 
reference, results calculated as linear polyethylene 
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using universal calibration theory) : Mn=10,80b, 
Mw=26,800, Mw/Mn=2.47. 

Ryqmple J.2Q 
Polymerization of ethylene was carried out 

5 according to example 112, using the complex [(2,6-i- 
PrPh)2DABMe2]PdMe(OSO.CF3) (0.068g, 0.10 mmol) as the 
initiator and.CHCl3 as the solvent. The reaction gave 
5 98 g of low viscosity fluid (2130 equivalents of 
ethylene per Pd) . NMR (CDCI3) 0.8-1.0 (m, CH3) ; 

10 1.0-1-5 (m, CH and CH2) ; 1.5-1-7 (m, CH3CH=CH- ); 1-9- 
2.1 (broad, -CH2CH=CHCH2- ) 5.3-5.5 (m, -CH=CH- )- 
integration of the olefin end groups assuming one 
olefin per chain gives Mn = 630 (DP = 24) . A linear 
polymer with this molecular weight and methyl groups at 

15 both ends should have 46 methyl carbons per 1000 

methylene carbons. The value measured by integration 
is 161, thus this polymer is highly branched. 

^-^=,Tpp1P 121 

polymerization of ethylene was carried out 
20 according to example 112, using the complex {[ (2 , 6-1- 

PrPh).DABH,]PdCH.CH.CH,C(0)0CH3}SbF.- (0.082 g, 0.10 mmol) 
as the initiator and CHCI3 as the solvent. The 
reaction gave 4-47 g of low viscosity fluid (1600 
equivalents of ethylene per Pd) . NMR (CDCI3) - 

1-= Ton Tntearation of the olefin end 
25 similar to example 120. Integratio 

groups assuming one olefin per chain gives Mn = 880 (DP 
_ 31) A linear polymer with this molecular weight and 
methyl groups at both ends should have 34 methyl 
carbons per 1000 methylene carbons- The value measured 
30 by integration is 156, thus this polymer is highly 
branched- 

^iyi=!mr"' ^22 

Polymerization of ethylene was carried out 
according to example li2, using the complex {[(2.,6-i- 
35 PrPh).DABMe,]PdCH.CH3CH,C(0)OCH3}BCl(C,Fs)3 (0-116 g, 

0.10 mmol) as the initiator and CHCI3 as the. -1---^; 
The reaction gave 0.278 g of low viscosity fluid, after 
correcting for the catalyst residue this is 0.160 g (57 
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equivalents of ethylene per Pd) . Mn estimated by 
integration of olefin end groups is 300. 

The complex [ (2. 6-i-PrPh) ,DABMe,] PdMeCl (0.056 g, 
0.10 n,mol) was loaded into a Schlenk (lask in the 
drybox followed by 40 ml of dry toluene. A -^""J" °^ 
Zyl alun^inum dichloride .1.37 ™1 of COS M solution 
in o-dlchloroban.ene) wa= added while stirrxng. 
Polymerization of ethylene was carried out us.ng thre 
.ol^ion according to example 112. ^-^^ ^^^^ 
0 255 g of low viscosity fluid, after correctrng for 
the ca!alyst residue this is 0.200 g (71 eguxvalents of; 
ethylene per Pd) . Mn estimated by integration of 
olefin end groups is 1300. 

Methyl acrylate was sparged with argon, dried over 
activated sieves, passed through activity 1 alumina 
Tin the drybox. and inhibited by addition of 20 ppm 
phenothiazine. The solid complex (1.2 6-1- ^ 
0 prPh).DABMe,]PdMe(Kt,0))SbF. (0.084 g, 0.1 

loaded into a Schlenlc flasK in the drybox. The flasK 
was connected to a Schlenk line under 1 atm of 

n J ^flor Forty ml of CH2v^-L2 wc±to 

ethylene, and cooled to -78 C. For y 

after eouilibratmg at -78 c unaer 
added by syringe and after equi svringe 
.5 ethylene, 5 ml of methyl acrylate was added by syring 
and the, mixture was warmed to room temperature under 
ethylene. After 40 h, the reaction was worked up by 
removing the solvent in vacuo to give 3- 0 g o ^ 
moderately viscous fluid. Integration of the H 

V, ^ »->,;,t- this copolymer contained 6.9 mole 
30 spectrum showed that tnis copo y ., ^ , 

o .V, 1 =r-wlate NO poly (methyl acrylate) 
% methyl ---V^-^^- J^J^^^ ^his sample by NMR. 
homopolymer could be ^-^^^^^^ fraction of the ester 
iH NMR shows that a significant fraction 

gro^Ts are -located at the ends of hydrocarbon branches. 
35 ITZ, -CO.CH3, area=4.5), 2.3(t, -CH2CO.CH3, ester 
35 3.bbvs, z ^ 1 6(m -CH2CH2CO2CH3, ester 

ended branches, area=3) , 1.6 m, az ^ ^h^^cho 

■5^ n QS-l 55 (m, CH and other CH2, 

ended branches, area=3) , ° " " ends of 

area=73), 0.8-0.95 (m, CH3 , ends of branches 
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chains, area=9.5) This is confirmed by the "c nMR 
quantitative analysis: Mole% : ethylene (93.1), methyl 
acrylate (6.9), Branching per 1000 CH2 : Total methyls 
(80.2), Methyl (30.1), Ethyl (16.8), Propyl (1.6), 
Butyl (6.8), Amyl (1.3), >Hexyl and end of chain 
(20.1), methyl acrylate (41.3), Ester branches 
^CH(CH2)nC02CH3 as a % of total ester: n>5 (47.8), n=4 
(17.4), n=i,2,3 (26.8), n=0 (8). 

GPC of this sample was done in THF vs. PMMA 
standards using a dual UV/RI detector. The outputs of 
the two detectors were very similar. Since the UV 
detector is only sensitive to the ester functionality, ; 
and the RI detector is a relatively nonselective mass 
detector, the matching of the two detector outputs 
shows that the ester functionality of the methyl 
acrylate is distributed throughout the entire molecular 
weight range of the polymer, consistent with a true 
copolymer of methyl acrylate and ethylene. 

A 0.503 g sample of the copolymer was fractionated 
by dissolving in benzene and precipitating partially by 
slow addition of MeOH. This type of fractionation 
experiment is a particularly sensitive method for 
detecting a low molecular weight methyl acrylate rxch 
component since it should be the most soluble material 
under the precipitation conditions. 

The precipitate 0.349 g, (69%) contained 6.9 mole 
% methyl acrylate by NMR integration, GPC (THF, PMMA 
standard, RI detector): Mn=19,600, Mw=29,500, 
Mw/Mn=l-51. The soluble fraction O.lSOg (36%) 
contained 8.3 mole % methyl acrylate by NMR 
integration, GPC (THF, PMMA standard, RI detector) : 
Mn=11.700, Mw=19/800, Mw/Mn=l-70- The 
characterization of the two fractions shows that the 
acrylate content is only slightly higher at lower 
35 molecular weights. These results are also consistent 
with a true copolymer of the methyl acrylate with 
ethylene . 
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Methyl acrylate was sparged with argon, dried over 
activated 4A sieves, passed through activity 1 alumina 
B in the drybox, and inhibited by addition of 20 ppm 
5 phenothiazine. The complex [(2,6-i- 

PrPh).DABMe3]PdMe(OS02CF3) (0.068 g, 0.10 mmol) was 
loaded into a Schlenk flask in the drybox, and 40 ml of 
CHC13 was added followed by 5 ml of • methyl acrylate. 
The septum capped flask was connected to a Schlenk Ixne 
10 and the flask was then briefly evacuated and refilled 
with ethylene from the Schlenk line. The light orange 
mixture was stirred under an ethylene atmosphere at , 
slightly above 1 atm by using a mercury bubbler. After 
20 h the reaction was worked up by removing the 
15 . solvent and unreacted methyl acrylate" in vacuo to give 
1 75 g of a low viscosity copolymer. 

13c NMR quantitative analysis: Mole% : ethylene 
(93), methyl acrylate (7), Branching per 1000 CH2 : 
Total methyls (100.9), Methyl (33.8), Ethyl (19.8), 
20 propyl (1-9), Butyl (10.1), Amyl (7.3), >Hexyl and end 
of chains (28.4), methyl acrylate (41.8). This sample 
is low molecular weight - total methyls does not 
include end of chain methyls. Ester branches" - 
CH(CH2)nC02CH3 as a % of total ester: n>5 (51.3), n-4 
25 (18.4), n=l,2,3 (24), n=0 ( 6.3). 

Ethylene and methyl acrylate were copolymerized 
according to example 125 with catalyst {[(2,6-i- 
PrPh)2DABMe,]PdCHaCH2CH2C(0)OCH3}BAF- (0.136 g, 0.10 
30 mmol) in CH2CI2 solvent with a reaction time of 72 
hours to give 4.93 g of copolymer. 

Fixgnple 3.27 

Ethylene and methyl acrylate were copolymerized 
according to example 125 with catalyst {[(2,6-i- 
35 PrPh),DABMe,]PdCH2CHaCH,C(0)OCH3}SbF,- (0.084 g, 0.10 

mmol) with a reaction time of 72 hours to give 8.19 g 
of copolymer. 
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Ethylene and methyl acrylate were copolymerized 
according to example 125 with catalyst {[{2,6-i- 
PrPh)2DABH2] PdCHjCHsCHsCCOOCHslSbFg" (0.082 g, 0.10 mmol) 
5 to give 1.97 g of copolymer. 

Fx^mpXg X2 9 

Ethylene and methyl acrylate were copolymerized 
according to example 12 5 with catalyst {[(2, 6-i- 
PrPh) aDABMesl PdMe (CH3CN) } SbFg' (0.080 g, 0.10 mmol) to 
10 give 3.42 g of copolymer. The NMR shows" primarily 
copolymer, but there is also a small amount of 
poly (methyl acrylate) homopolymer. 

F.yqmple 13 Q 

m ^ Ethylene and methyl acrylate (2 0 ml) were 

Si 15 copolymerized in 2 0 ml of CHCI3 according to example 

Ij 125 using catalyst {[(2,6-i- 

bJ PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}SbF6' (0.339 g, 0.40 

' mmol) to give 2.17 g of copolymer after a reaction time 

of 72 hours, / ^^C NMR quantitative analysis : Mole% : 
20 ethylene (76.3), methyl acrylate (23.7) . Branching per 
1000 CH2: Total methyls (28.7), Methyl (20.5), Ethyl 
N= (3.8), Propyl (0), Butyl (11), >Amyl and end of chains 

(13.6), methyl acrylate (138.1). Ester branches - 
CH(CH2)nC02CH3 as a % of total ester: n>5 (38.8), n=4 
25 (20), n=l,2,3 (15,7), n=0 (25.4). 

F.y ample 131 
Ethylene- and methyl acrylate (20 ml) were 
- copolymerized in 20 ml of CHCI3 at 50 for 20 hours 
according to example 125 using catalyst {[(2,6-i- 
30 PrPh)2DABMe2] PdCH2CH2CH2C(0)OCH3}SbF6' (0.339 g, 0.40 

mmol) to give 0.795 g of copolymer. DSC (two heats", - 
150 to +150°C, 15°C/min) shows Tg= -48°C. 

F^Tf ample 13 2 

A solution of the ligand (2 , 6-i-PrPh) 2DAB (Me2) 
35 (0,045 g, 0.11 mmol) dissolved in 2 ml of CHCI3 was 
added to a solution of the complex [PdMe (CH3CN) (1,5- 
cyclooctadiene) ] +SbF6- (0.051 g, 0.10 mmol) in 2 ml of 
CHCI3. This mixture was combined with 35 ml of 
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additional CHCI3 and 5 ml of methyl acrylate in a 
sc. en. flas. in a dry.ox. and then a copolV.e-.a o 
with ethylene was carried out accordxng to example 125 
to give 1.94 g of copolymer. 

Methyl acrylate (5 ml) was added to the ^ solid 
catalyst In2,6-i-PrPh,.DAB«e,lPdMe(Bt,O))BF.-(0 06Sg, 

: XO 111 followed .y 40 .1 o« CHC13. The- addxt.on of 
methvl acrylate before the CHCI3 is often important to 
afofd dra'ivation of the catalyst. A copolymer -t. on 

• ar-cordinq to example x^i> 

with ethylene was carrxed out accoraing 

to give 2.87 g of copolymer. 

H«R spectra in CDCI3 were integrated and the 
polymer compositions and branching ratios were 
Calculated. . See example 124 for chemical shifts and 

assignments. 
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-ir. THF using PMMA standards and an Rl 
GPC was done xn THF usxng 

^ fr.^ ^-xamole 13 3 which was done xn 
detector except for exampxe x^ ^^f^^ence 

^ =^ i^5°C vs. polystyrene reference 
f-richlorobenzene at xJb v_ v& . t' j .r 
^Ith results calculated as linear polyethylene using 
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universal calibration theory. When polymer end groups 
could be detected by NMR (5.4 ppm, multiplet, - 
CH=CH-, internal double bond), Mn was calculated 
assuming two- olefinic protons per chain, 

5 



Example 




Mw 




Mj^ .(^H NMR) 


124 


15, 500 


26,400 


1.70 




125 


1, 540 


2,190 


1 .42 


850 - 


126 


32, 500 


49, 900 


1.54 




127 


12, 300 


22,500 


1.83 




128 


555 


595 


1.07 


360 , 


129 


16, 100 


24, 900 


1.55 




130 


800 


3,180 


3 .98 


1,800 


131 








. 1,100 


132 


15,200 


26, 000 


1 . 71 




133 


5, 010 


8, 740 


1.75 





Example 134 
Ethylene and t -butyl acrylate (2 0 ml) were 
copolymerized according to example 130 to give 2.039 g 

\0 of viscous fluid. NMR of the crude product showed 

the desired copolymer along with residual unreacted t- 
butyl acrylate. The weight of polymer corrected for 
monomer was 1.84 g. The sample was reprecipitated to 
remove residual monomer by slow addition of excess MeOH 

15 to a CHCI3 solution. The reprecipitated polymer was 

dried in vacuo. NMR (CDCI3): 2.2(t, -CH2CO2C (CH3 ) 3 / 

ester ended branches), 1.6(m, -CH2CH2CO2C (CH3 ) 3 , ester 
ended branches), 1.45(s, -C(CH3)3), 0.95-1.45(m, CH and 
other CH2) , 0.75-0.95(m, CH3, ends of hydrocarbon 

20 branches or ends of chains). This spectrum shows that 
the esters are. primarily located at the ends of 
hydrocarbon branches; integration gave 6.7 mole % t- 
butyl acrylate. ^^C NMR quantitative analysis, 
branching per 1000 CH2 : Total methyls (74.8), Methyl 

25 (27.7), Ethyl (15.3), Propyl (1.5), Butyl (8.6), >Amyl 
and end of chains (30 . 8) , -CO2C (CH3 ) 3 ester (43.2). 
Ester branches -CH (CH2 ) nC02C (CH3 ) 3 as a % of total 
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ester: n>5 (44.3). n=l,2,3,4 (37.2), n=0 (18.5). GPC 
(THF, PMMA standard): Mn=6000 Mw=8310 Mw/Mn = 1-39- 

Glycidyl acrylate was vacuum distilled and 
inhibited with 50 ppm phenothiazine . Ethylene and 
glycidyl acrylate (5 ml) were copolymerized according 
to Example 125 using catalyst {[(2,6-i- 
PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}SbF6-^ (0.084 g, 0.10 

mmol).. The reaction mixture was filtered through a 
fritted glass filter to remove chloroform insolubl.es, 
and the chloroform was removed in vacuo to give 14.1 
viscous yellow oil which still contained residual 
unreacted glycidyl acrylate. The sample was 
reprecipitated to remove residual monomer by slow 
addition of excess acetone to a CHCI3 solution. The 
reprecipitated polymer was dried in vacuo to give 9.92 
g of copolymer containing 1.8 mole % glycidyl acrylate 
1h NMR (CDCI3) : 4.4, 3.9, 3.2, 2.85, 

2.65 (multiplets, 1 H each -CH2 CHCH2O ) 2.35 (t, 
-CH2CO2CH2CHCH2O. ester ended branches), 1 .65(m, 



-CH2CH2CO2CH2 CHCH2O . ester ended branches). 0.95-1 .5(m,CH 

and other CH2) . 0.75-0. 95 (m, CH3 . ends of hydrocarbon 
branches or ends of chains) . This spectrum shows that 
the epoxide ring is intact, and that the glycidyl ester 
groups are primarily located at the ends of hydrocarbon 
branches. GPC (THF, PMMA standard) : Mn=63,100 
Mw=179,000 Mw/Mn = 2.85. 

13c NMR quantitative analysis, branching per 1000 
CH2: Total methyls (101.7), Methyl (32.5), Ethyl 
30 (21.3), Propyl (2.4), Butyl (9.5), Amyl (1.4), >Hexyl 

and end of chains (29.3), Ester branches -CH (CH^) nCO^R 
as a % of total ester: n>5 (39.7),. n=4 (small amount), 
n=l,2,3 (50.7) , n=0 (9.6) . 

A 3.24-g sample of the copolymer was dissolved xn 
35 50 mL of refluxing methylene chloride. A solution of 
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0.18 g oxalic acid dihydrate in 5 mL of 1:1 chloroform- 
acetone was added to the solution of copolymer and the 
solvent was evaporated off on a hot plate. The thick 
liquid was allowed to stand in an aluminum pan at room 
temperature overnight; the pan was then placed in an 
oven at 70 °C for 1.5 hr followed by 110°C/vacuum for 5 
hr. The cured polymer was a dark, non- tacky soft 
rubber which tore easily (it had a very short 
elongation to break despite its rubberiness) . 

Kyample 13 6 

1-Pentene (20 ml) and methyl acrylate (5 ml) were 
copolymerized in 20 ml chloroform for 96 hours using 
catalyst { [ (2 , 6-i-PrPh) zDABMeal PdCHaCHzCHaC (O) OCHajSbFs' 
(0.084 g, 0.10 mmol) . The solvent and unreacted 
monomers were removed in vacuo to give 0.3 03 g . 
copolymer (0.219 g after correcting for catalyst 
residue) . The NMR spectrum was similar to the 
ethylene/methyl acrylate copolymer of example 124 
suggesting that many of the ester groups are located at 
the ends of hydrocarbon branches. Integration shows 
that the product contains 21 mole % methyl acrylate. 
There are 65 acrylates. and 96 methyls per 1000 
methylene carbons. GPC (THF, PMMA standard) : Mn=64 00 
Mw=11200 Mw/Mn =1.76. 

Ex^mplg 137 . 
Benzyl acrylate was passed through activity 1 
alumina B/ inhibited with 50 ppm phenot.hiazine , and 
stored over activated 4A molecular sieves. Ethylene 
and benzyl acrylate (5 ml) were copolymerized according 
to example 135 to give 11.32 g of viscous fluid. -^H 
NMR of the crude. product showed a mixture of copolymer 
and unreacted. benzyl acrylate (35 wt %) The residual 
benzyl acrylate was removed by two reprecitations , the 
first by addition of excess MeOH to a chloroform 
solution, and the second by addition of excess acetone 
to a chloroform solution. NMR (CDCI3) : 7.35 (broad 

s, -CH2C6H5), 5.1(s, -CH2C6H5) , 2.35 (t, -CH2CO2CH2C6H5/ 
ester ended branches), 1.6 (m, -CH2CH2CO2CH2C6H5 , ester 
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A A branches) 0.95-1. 5 (m, CH and other CH2) . 
:T5l CH n,. Of hydrocarbon branches or ends of 
0.95 im, ^n3. product contains 

• .,\ TT1^^^aration shows tnac cue f-^*-' 
chains) - integratio acrylates and 

3 . 7 mole % benzyl acrylate . There a 
33 .ethyls per 1000 methylene carbons. GPC (THF, 

C44.5., n=4 <7.2,. (42.3). n-O (6, 

l-Pentene (10 ml) and ethylene (1 atm) were 
. copolymerLed in 30 ml chloroform according to example 

- 125 using catalyst {[{2,6-x- 

prpH,,ojMe,, Pd™CH.C(0,OCH,)SbF. <0 0S4 g 0 . 1 0 

t ..oU .o give 3 . 11 9 highly viscous V^^^J " 

a. .0 example ^^l«;2.ZZZ.i.^ anaXy.i., .ranc.in. pe. 

Q carbons. C niyik qu Methyl (54.7)., Ethyl 

U. 1000 CH2: Total methyls (119.5), Metny 

(16 9) propyl (8.4), Butyl (7.7), Amyl (7.2), -Hexyl 
. I -r.. (20 9) GPC (trichlorobenzene, 

liLa; :olyet.yle„a usin. universal calibration 

X V. nOO Mw=44,900, Mw/Mn=l-79- 

theory).: f : NMR data upon which the 

Listed below are 1:11^ ^ 

above analysis is based, 
30 NMR Data 



MB2 
MB3 + 
MB3+ 

aBi, 3B3 

ay+B 

ay+B 

MBi 

MBi 



TCB, 


120c, 0.0 5M CrAcAc 


Freq ppn\ 


Intensity 


39.6012 


5.53532 


39.4313 


6.33425 


38.3004 


8 . 71403 


37 . 9446 


17.7325 


37.2809 


36.416 


36.7659 


5 . 10586 


34 .3181 


56 .1758 


33 .8243 


15.6271 


33.3942 


8 . 09189 


32 .9854 


20.3523 
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32 .6721 
32 .327 
31-9394 
31 .4031 
30.235 
29 .7518 
29 . 3164 
27.5695 
27 . 1341 
26 .4811 
24 .4475 
23.12 
22 .6369 
20 . 1626 
19.7378 
19.2068 
14.2582 
13 .8706 
10.9768 



4.35239 

4 . 06305 

27.137 

9.62823 

52 . 8404 

162 .791 

26.506 

15.4471 

59.1216 

8.58222 

5.93996 

5.05181 

29 .7047 

6.29481 

31.9342 

3.93019 

5. 59441 

36.3938 

9.89028 



3B5 

3B6+, 3 EOC 
y+Y+B, 3B4 
Y+Y+B , 3B4 
Y+Y+B , 3B4 
Y+Y+B, 3B4 

BY+B, 2B2 

BY+B, 2B2 

BY+B, 2B2 

PPB 

2B4 

2B5+, 2 EOC 

2B3 

IBi 

IBi 

IB4+, 1 EOC 
IB2 



l-Pentene (2o" ml) was polymerized in 2 0 ml 
chloroform according to example 138 to give 2^59 g of 
viscous fluid (369 equivalents l-pentene per Pd) 
integration of the iH N«R .pectru. shoved lis methyl 
carb!ns per 1000 .ethylene carbon. . DSC (two heats, - 
150 to .150OC, 15=C/min) shows Tg- -58»C and a low 
temperature melting endotherm from 

-50°C to 30^C (32 J/g) . 

13c NMR quantitative analysis, branching per 1000 
CH2. Total methyls (118), Methyl (85.3), Ethyl (none 
detected,. Propyl (IS. 6), Butyl (non detected,, ^yX 
and end of chains (17.1). GPC , (trichlorobenzene, 
1350C, polystyrene reference, results calculated as 
linear polyethylene using universal calibration 
theory): Mn=22,500, M^=43,800, M^/M^=1.94. 

Listed below are the "c N«K data upon wh.ch the 
above analysis is based. 
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Freq ppro 

42.6277 
39 . 5428 



38.1357 
37.8384 
37.5888 
37 .2224 
35.5287 
35 .2419 
34.6366 
34 .2437 
32 .911 
32 . 5977 
32.38 
31.8809 
30.6916 
30.0703 . 
29 .6987 
29.2633 
28 .8916 
27 . 1182 
24 . 5324 
22.5784 
20 .1041 
19.6952 
14 .2104 
13 . 8281 



13c NMR data 
TCB, 12 OC, 0,0 5M CrAcAc 

4.69744 
9.5323 



aa for Me & Ef*- 
3rd carbon of a 6+ carbon 
side chain that has a methyl 
branch at the 4 position 



3.59535 
13.9 5.63 
28 .4579 
54.6811 
6 .51708 
3.55603 
7 .35366 
22 .3787 
45 .2064 
10.5375 
4 . 02878 
14 .1607 
. 8 . 44427 
63 .1613 
248 

17.9013 
3 .60422 
66 .2971 
16 . 8854 
16 . 0395 
13 .2742 
54.3903 
12.2831 
16 . 8199 



MB3^ 
aBi,3B3 

-MBi 

3B6+, 3EOC 

Y+y+B 

y+Y'*'B 

y+Y+B 

py+B, (4B5, etc.) 

2B5+, 2EOC 
iBi, 2B3 
lB4+,EOC,lB3 



integration of the CH. pea^s due to the -"-^J" 
CH(R)CH.CH(R')- , "here R is an alkyl group, and R is 
TlZ lrL with two or ™ore carbon, showed that .n 
of these structures, R - Me. The region integrated 
the structure where both R and R. are --^^ 
35 7 ppn, to 41. 9 pp™ to avoid includrng an -'"^"^/^^ 
another type of .ethylene carbon on a side charn. 

r,2 6-i-PrPh),DABMe,lPdMeCl (0.020 g. 0.036 mmol) 
was dissolved in 4 ml CH2CI2 and methyl acrylate 
,0 162 g 0.38 mmol, inhibited with 50 ppm 
;:en:th!;.ine, was added while stirring., Jhis so ut.on 
Ls added to a stirred ^^^^J^^'^,^ ^ 

0.038 mmol) m 4 ml of CH2CI2 • ^ „ ^ pTFE 

^ f-iTi-PT-ed through a 0.5 ^im PTFb 
hour, the -mixture was fxlterea.tnr y 
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„ea*«„e filter to remove a floooulant gray 
oracipitate. The solvent was removed from the 
r;r=uo to .^ve . ..... wh^ch „a. re=ry.tall.3e. from 

• «-,,-^^ ai- -40°C to give 0.39 g W3» 
a CH2Cl2/pe"tane mixture at iu u to y 



vield) of orange crystalline {[(2,6-1- 

yieioi u = „, r'lr^\nm \BRF' ^HNMR (CDCI3) = 

PrPh),DABMe,]PdCH,CH,CH,C(0)OGH,)BAF for 

.0.65,m. CH2, 2H,, ..15-1.4B(four sets of -"^^-"/f^ 
. -CH (CHS. 2 and multiplet at 1.4 ™^ ^^'^^ 

26H)- 2 19,2.21 (s,s, CH3 of 1 igahd backbone , 6m. 
,0 2 ! '(m C„ . 2H,, 2..0 (m, -CH(CH3,., .H, 3.0B(s^ - 
C0U3. 3H, . 7.2B-7.75(m, aromatic H of Irgand and 

counterion, 19H) . 

All GPC data reported for examples 141-170. 177. 
and 204-212 ware run in trichlorobenzenevs 

,S polyethylene standards unless othar«isa ^ 

.SC data reported -J --^^^^Vo Ir IS^C^min, . 
212 (second heat, -150 c , 

A Schlenk flask containing {[(2,6-i- ^ 
20 PrPh).P.BH,3NiMe(Et.O))BAF; (1.3 mg, ^3 x 10" .ol) ^ 
under an argon atmosphere was cooled - "^^J^" 
cooling, the argon was evaluated -d^^^^^^^ _ 
backfilled with ethylene (l atm) . Toluene (/ 

. ■ „^ The polymerization mixture was then 

...ed via syringe^ J^^^J^^fwas stirred f.r 30 minutes 
" ^To y^ r .egan To precipitate from the solution 

...hin'Iinutes. After 30 minutes, the PO^----- 
was terminated upon exposing the catalyst to air Th 
polymer was precipitated from acetone, -^^^^^^^^^^ 
30 fill^ation and washed with 6 M HCl, water, and acetone. 

. w.c dried in vacuo. The polymerization 

The polymer was driea m va^ 

iLd 1 53 g of polyethylene (1.3 x 10= TO) . - 
yielded 1.53 g or p y 2 , n-:» • T - 129°C. NMR 
91 900; Mw = 279,000; M^/Mn = 3.03; T„» - 129 ^ 
(CeDsCl, 142°C) 0.6- methyls per 100 carbons. 

The reaction was done in the same way as in 
Example 141 using 1 . 3 mg of {[(2,6-i- 
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prPh),DfiBMe,)NiMe(Et,0))BAF- (8.3 X 10"^ mol) The 
polymer was isolated as a white solid (0.1 g) ■ 

E.Yninpli'-! 143-14a 
General procedure for the polymerization o£ 
ethvlene by the methylaluminoxane (MAO) activation of 
: rel com^lexas containing hidentate --- ---- 

polymerization at O'C: The bisimina niclcel '^-hal.da 
Polymer combined with toluene (100 

r:'i: a"flam: ::ied schlen. flas. under 1 atmosphare 
^hylene pressure. The polymerization was cooled to 
::rin an ice-water bath. The fixture stirred at 

^i^-r- ^r^ activation with MAO. 
noc for 15 minutes prior to accivd 

n 5 mL of a 10% MAO (100 eq) solution m 
:rereTar;r. ::.o t.e ...... suspension. 

The solution was -stirred at O^C for 10, 30 or 60 
lutes. Within minutes increased viscosity and/or 
precipitation of polyethylene ^^^^^^^ 
polymerization was quenched and the polymer 
precipitated from acetone. The polymer was collected 
by suction filtration and dried under vacuum for 24 
Tours. . see Tahle X for a detailed --r.P-on of 
n^olecular weight and catalyst activity data. 
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Example No, 
143 
144 
145 
146 
147 
148 



Catalyst 
[ ( 2 , 6 - i - PrPh) 2DABH2] NiBrs 
[ ( 2 , 6 - i - PrPh) sDABMej] NiBrs 
[ (2,6-MePh)2DABH2lNiBr2 
[ ( 2 , 6 - i - PrPh) 2DABAn] NiBr2 
[(2,6 -MePh) 2DABAnl NiBra 
[(2,6 -MePh) zDABMeal NiBr2 



30 



Exam. 

143 
144^ 
145-^ 
146^ 


Condi- 
tions^ 

0°C, 30 m 
O^C, 30 m"" 
0°C, 30 TtT 
0°C, 30 m 
0*='C,10m 


Yield 1 
(g) 

TTI 
T7& 
3.4 
7.0 
3.7 


TO/ 
hr* mol 
catalyst 

22, 700 
" 16,300"" 
14, 300 
29, 900 
" 47,500 


80, 900 
403,000 
42, 900 
168, 000 
125, 000 


231, 000 
795, 000 
107, 000 
389,000 
362, 000 


Mw/Mn 

1797 
2 .49 
2731 
2 .89 
2 . 58 


Thermal 
Analysis 

(°C) 
119 (T^) " 
lis (Ttn) 
131 {T^) 
107 (T^) 
122 (T^) 
115 (T^,) 


147 
148 


0**C, 10 m 
1 Polyme 


5.1 
irizati 


65,400 

on react! 


171,000 1 44U,uuu 

.ons run at 1 atm 


osphere 





ethylene pressure. 
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2 Branching Analysis by "c NMR per 1000 CH^ : 
Ex. 144: Total methyls (54.3), Methyl (43.4), 
Ethyl (3.3), Propyl (2), Butyl (1.3), >Butyl and end of 

chains (5.7). 

Ex. 146: , Total methyls (90.9), Methyl (65.3), 
Ethyl (7.2), propyl (4.5), Butyl (3.5), Amyl (4.5), > 
Hexyl and end of chains (10.2) . 

^ Ex. 145: NMR (CgDsCl) , 142°C) 0.1 methyl per 
10 0 carbon atoms. 

Ryanipleg 149-154 
Polymerization at Ambient Temperature 
The general procedure described for the MAO ; 
activation of the diimine nickel dihalides was followed 
in the polymerizations detailed below, except all 
polymerizations were run between 25-30°C. 



f^,-yamp1e No . 

14 9. 

150 

151 

152 

153 

154 



(-atalvst 

[ ( 2 , 6 - i - PrPh) 2DABH2] NiBrs 
[ ( 2 , 6 - i - PrPh) aDABMezl NiBrj 
[(2,6 -MePh) 2DABH2] NiBri 
[ ( 2 , 6 - i - PrPh) 2DABAn] NiBrj 
[(2,6 -MePh) zDABAn] NiBr2 
[ (2, 6 -MePh) 2DABMe2] NiBr2 



Exam . 


Condi - 
tions-^ 


yield 

(g) 


TO/ 
hr -mol 
catalyst 








ixie-L Ilia J. 

Analysis 
(°C) 


149 


3 0°C, 30 
m 


2 . 5 


12,200 


15, 500 


34, 900 


2,25 




150^ 


2 5^C, 30 


3.4 


14, 500 


173 , 000 


248, 000 


1 .44 


-51 (Tg) 


151^ 


2 5°C,30 
m 


7.2 


30, 800 


13, 900 


39, 900 


2 .88 


90, 112 


152^ 


2 5°C, 30 
m 


4.2 


18, 000 


82,300 


175, 000 


2 . 80 


39 (Tm) 


153 


25°C,10 
m 


4.9 


62, 900 


14, 000 


25, 800 


1.85 




154 


2 5°C, 10 
m 


3.7 


47, 500 


20, 000 


36, 000 


1.83 





1 polymerization reactions run at 1 atmosphere 

ethylene pressure. 

2 Branching Analysis by "c NMR per 1000 CH2 : 
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EX. 150: Total methyls (116.3), Methyl (93.-5), 

1 /-a -j^ Butvl (2.9), Am (6.6), >Hex 
Ethyl (6.2), Propyl (3.2), Bucyx 

and end of chains (11-2). , ,c« 

EX 152- Total methyls (141.9), Methyl (98.1), 
Ethyl (15.9), propyl (5.6), Butyl (6 . 8) , Amyl (4^1) , ^ 
Hex and end of chains (10.7) . Quantitation of the - 
CH,CH(CH3)CH2CH3 structure per 1000 CH2 • s : 8 . 
CH.CH(CH3) ^ ,,2°C) 3 methyl per 100 

carbon atoms . 

, ^4= ^ (o fi-i-PrPh) 2DABAn]NiBr2 

A standard solutxon of [(2,6 i Frir'n; 2 , ^ . 

4= m^TTc 1 2-dif luorobenzene (10 mL) 

S; was added to 6 . 0 n,g of "^" ^ ^ ^ standard 

mol) in a 10 ml, volumetric flask. in 

solution was transferred to a Kontes flas,. and stored 

under an argon atmosphere. „ „ „, a 4 x 

The standard catalyst solution (1.0 ml,, 8.4 x 
XO- mol catalyst, was added to a schlenK flaslc which 
contained 100 m^ toluene, and was under 1 -"-^f " 
ethylene pressure. The solution was cooled to 0 C and 
e X 5 ml, of a 10% solution of MAO (>1000 eq) was added. 

E ihe "xution was stirred for 30 minutes. Polymer began 

to precipitate within minutes, The polymerization was 
.wenched and the polymer precipitated -J""- 
The resulting polymer was dried in vacuo (2.15 g, 1^ 
X 10= TO) . M„ - 489,000; M„ - 1,200,000,- M„/M„ - 2.47 

T^^arpplp 156- 

The polymerization of ethylene at 25oC was 
accomplisLd^n an identical manner to that descr.W 

30 inBxampiei55 ^ -^^--j::^::o^-::^ 
riror::;;r2-^ 142^0 . .ethy. 

per 100 carbons. 

Fyf>mp"l<=^ 157. 

35 A standard solution of t ,2 , .-MePh, =DABAn] NiBr was 

prepared in th. same way as described for the complex 
rrxample 155 using 5.0 mg of t ,2,6-«ePh,=OABAn,«iBr, 
(8 .4 X 10"^ mol) . 



10 
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230 



Toluene (100 mL) and 1.0 ml. of the standard 
solution of complex 5 (8.3 x 10""^ mol catalyst) were 
combined in a Schlenk flask under 1 atmosphere ethylene 
pressure. The solution was cooled to 0°C, and 1.5 mL 
of a 10% solution of MAO(>1000 eq) was added. The 
polymerization mixture was stirred for 30 minutes. The 
polymerization was terminated and the polymer 
precipitated from acetone. The reaction yielded 1.60 g 
of polyethylene (1.4 x 10^ TO). Mn = 590,000; Mw = 
1,350,000; Mw/Mn =2.29. 

Example 3,59 

Toluene (200 mL) and 1 . 0 mL of a standard solution 
of [ (2, 6-i-PrPh) 2DABAn]NiBr2 (8.3 x lO""^ mol catalyst) 
were combined in a Fisher-Porter pressure vessel. The 
resulting solution was cooled to O^C, and 1.0 mL of a 
10% MAO (>1000 eq) solution in toluene was added to 
activate the polymerization. Subsequent to the MAO 
addition, the reactor was rapidly pressurized to 276 
kPa. The solution was stirred for 30 minutes at 0°C. 
After 3 0 minutes, the reaction was quenched and polymer 
precipitated from acetone. The resulting polymer was 
dried under reduced pressure. The polymerization 
yielded 2,13 g of white polyethylene (1.82 x 10^ TO) . 
Mn = 611,000; Mw = 1,400,000; Mw/Mn - 2.29; T^ = 123 °C; 
iH NMR (CeDsCl, 142°C) 0.5 methyls per 100 carbons. 

Fxamples 159-160 
Polymerization of Propylene 

The diimine nickel dihalide complex (1.7x10-5 mol) 
was combined with toluene (10 0 mL) in a Schlenk flask 
under 1 atmosphere propylene pressure.. The 
polymerization was cooled to 0°C, and 1 , 5 mL of a 10% 
MAO (100 eq) solution in toluene was added. The 
solution was stirred for 2 hours. The polymerization 
was quenched and the polymer precipitated from acetone . 
The polymer was dried under vacuum. 
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Example No . 
159 
160 



Catalyst 

[ ( 2 , 6 - i - PrPh) 2DABH2] NiBr2 
[ (2 , 6-i-PrPh) jDABAnlNiBrj 




aoPC (toluene, polystyrene standard) 
EX. 159: NMR (CsD^Cl) , 142°C) 30 methyls per 100 

carbon atoms. 

EX 160: NMR (CeDsCl) , 142°C) 29 methyls per 100 
carbon atoms. Quantitative NMR analysis, branchxng 

per 1000 CH2: Total methyls (699) . Based on the total 
methyls, the fraction of 1 , 3 -enchainment .s 13% 
Analysis of backbone carbons (per 1000 CHa) : S (53) , 

5+/y ^ (0.98) . X, ^>,^ 

Listed below are the ^^C NMR data upon which the 
above analysis is^ based. 



Freq ppm 



47 . 3161 
46 . 9816 
46 .4188 
45.84 
38 .4702 
38 . 0985 
37 .472 
37 .2915 
35.3747 
34 . 5623 
33 .3145 
32 . 996 
30 . 9464 
30 .6703 
30 . 081 
29 .6987 
28 .3659 
27 . 4792 
27.1235 



^"^C NMR Data 
TCB, 140C, 0.05M CrAcAc 
Intensity 



53.1767 
89.3849 
82 .4488 
23 . 1784 
12.8395 
29.2643 
-18.6544 
24.8559 
15.6971 
14,6353 
14.2876 
12 .2454 
24.2132 
57 .4826 
30.122 
29.2186 
298 .691 
33 .2539 
29 . 7384 



Y to single branch 
b'^ to branch 
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24.5324 9.45408 

21.1554 20.0541 

20.6244 110.077 

19.9926 135.356 

16.9342 8.67216 

16.4829 8.81404 

14.9962 8.38097 

^yf'mT?'''=' 

[(2,6-i-PrEh).DABH2]NiBr3 (10 mg, 1.7 x lO'^ mol) 
was combined with toluene (40 mL) under a N2 ^ 
atmosphere. A 10% solution of MAO (1.5 m. 100 eq) was 
added to the solution. After 30 minutes, the Schlenlc 
flask was backfilled with propylene. The reaction was 
stirred at room temperature for 5 . 5 hours. The , 
polymerization was quenched, and the resulting polymer 
drill under vacuum (670 mg, 213 TO/h) . ;-6,000;^ 
M. - 299,000; M./M. = 1.70. Quantitative "C NMR 
analysis, branching per 1000 CH. : Total methyls ( 2 ), 
Methyl (501), Ethyl (1), ^Butyl and end of chain (7). 
Based on the total methyls, the fraction of 1,3- 
enchainment is 22%. Analysis of backbone carbons (per 

1000 CH2) : (31)' SVY (0.76). 

P, y^pnplRS 16?. -16 5 
The diimine nickel dihalide catalyst precursor^ 
(1 7X10-^ mol) was combined with toluene (40 mL) and 1- 
hexene (10 mL) under a N2 atmosphere. Polymerization 
reactions of 1-hexene were run at both 0=0 and room 
• eirerature. A 10% solution of MAO (1-5 mL, 100 eg) m 
toluene was added. Typically the ^-^^^^l^^^^^''^^^ 
reactions were stirred for 1-2 hours. The polymer was 
precipitated from acetone and collected by suction 
filtration. The resulting polymer was dried under 
vacuum . 
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m 



Ex. No 
162 
163 
164 
165 



Catalyst 

[ ( 2 . 6 - i - PrPh) 2DABH2] NiBrz 
[ ( 2 , 6 - i - PrPh) jDABAn] NiBrz 
[ (2,6-i-PrPh)2DABH2lNiBr2 
[ ( 2 , 6 - i - PrPh) jDABAn] NiBrz 




10 



aGPC (toluene, polystyrene standards) . _ 

Branching Analysis Ex. 162: by 13c NMR per 1000 

Total methyls (157.2), Methyl (47) , Ethyl (1.9) 
propyl (4.5), Butyl (101.7), >Am and end of cha.n 
(4.3) . 
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l^C NMR data (Example 162) 



42 .8364 
41.3129 
40.5759 
37.8831 
37 .2984 
36 .6684 
35.5773 
34.655 * 
34 . 3091 
33 . 8356 
33 .428 
32.9957 
31. 9169 
31.5546 
31.1552 
30. 5993 
30.274 
30.1258 
29 . 747 
29 . 1047 
28 , 8823 
28 .1289 
27 .5648 
27 .1777 
27 .0213 
26 .9142 
26 .4572 
23 .2085 
22 .6074 
20 . 0669 
19.6963 
15 . 9494 
14 . 3477 
13 . 8742 



TCB, 120C, 0.05M 

7.99519 
27 . 5914 
19.6201 
14.7864 
93.6984 
6.99225 
36 .067 
55.825 
63.3862 
24.1992 
53 .7439 
51.1648 
17.4373 
14.008 
. 10.6667 
34 .6931 
56 . 8489 
42 .1332 
97.9715 
47 . 1924 
64 . 5807 
13 .6645 
61.3977 
50. 9087 
31.6159 
31.9306 
4 .715666 
154.844 
12.0719 
8 .41495 
57 .6935 
17 . 7108 
8 . 98123 
248 



CrAcAc 



Me thine 

aa to two Eth-^ branches 
aa to two Eth-*- branches 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
Methines and Methylenes 
2B4 

2B5+,EOC 

IBi 

IBi 



lB4+,EOC 



yr^^ippplp^ 166 

[(2,6-i-PrPh)2DABMe2]NiBr2 (10.4 mg , 1.7 x 10"^ 

^- ^ol^l^ne (15 mL) and 1-hexene (40 

mol) was combined with toluene k±o mx./ 

under X atmosphere ethylene pressure. The .olut.on 
„es cooled to 0"C, and 1.5 ^ of a 10% MAO (100 eg) 
solution in toluene was added. The reaction was 
stirred at O-C for 2.5 hours. The polymerization was 
quenched and the polymer precipitated fro* acetone, 
^e resulting polymer was dried under reduced pressure 
(1.49). Mn - 299,000; «w - 632,000; Mw/Mn - 2.12. 
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Branching Analysis by 13c NMR per 1000 CH^ : Total 
methyls (101.3), Methyl (36.3). Ethyl (1.3), Propyl 
(6.8), Butyl (47.7), >Amyl and end of chains (11.5). 

Fyf^TTp"'^ 1^'^ 

[(2 6-i-PrPh)2DABH2]NiBr2 (10 mg, 1.7 x IQ-^ mol) 
was added to-a solution which contained toluene (30 mL) 
and 1-octene (20 mL) under 1 atm ethylene. A 10% 
solution of MAO (1.5 mL, 100 eq) in toluene . was added. 
The resulting purple solution was allowed to stir for 4 
hours at room .temperature. Solution viscosxty 
increased^ over the duration of the polymerization. The 
polymer was precipitated from acetone and dried under ; 
vacuum resulting in 5.3 g of copolymer. Mn = 15,200, 
= 29,100, Mn/Mw =1-92. 

P,y ample 168 

[(2 6-i-PrPh).DABAn]NiBr2 (12 mg, 1.7x10-5 mol) was 
combined' with toluene (75 mL) in a Schlenlc flask under 
1 atmosphere ethylene pressure. The mixture was cooled 
to ooc, and 0.09 mL of a 1.8 M solution in toluene of 
Et2AlCl (10 eq) was added. The resulting purple 
solution was stirred for 30 minutes at 0°C. The 
polymerization was quenched and the polymer 
precipitated from acetone. The resulting polymer was 
dried under reduced pressure (6.6 g, 2.8 x 10- TO) . Mn 
= 105,000; Mw = 232,000; Mw/Mn =2.21 

[(2 6-i-PrPh),DABAn]NiBr2 (12 mg, 1.7x10-^ mol) was 
combined' with toluene (75 mL) under 1 atmosphere 
propylene pressure. The solution was cooled to O^C and 
0 1 mL of Et^AlCl (>10 eq) was added. The reaction was 
stirred at 0°C for 2 hours. The polymerization was 
quenched and the polymer precipitated from acetone. 
The resulting polymer was dried under reduced pressure 
(3 . 97 g, 2800 TO) . 

[(2 6-i-PrPh),DABAn]NiBr, (12 mg, 1.7x10-^ mol) was 
combined' with toluene (50 mL) and 1-hexene (25 mL) 
under a atmosphere. Et^AlCl (0.01 mL, 10 eq) was 
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added to the polymerization mixture. The resulting 
purple solution was allowed to stir for 4 hours. After 
4 hours the polymerization was quenched and the polymer 
precipitated from acetone. The polymerization yielded 
1.95 g poly(l-hexene) (348 TO/h) . Mn = 373,000; Mw = 
680, 000; Mw/Mn =1.81. 

1-Tetradecene (20 ml) was polymerized in methylene 
chloride (10 ml) for 20 hr using catalyst {[(2,6-i- 
PrPh),DABMe.]PdCH.CH2CH,C(0)OCH3}SbF6- (0.04 g, 0.05 
mmol) . The solvent and reacted monomer were removed xn 
vacuo. The polymer was precipitated to remove 
unreacted monomer, by the addition of acetone to a 
chloroform solution. The precipitated polymer was 
dried in vacuo to give a 10 . 2 g yield. C NMR 
(trichlorobenzene, 120°C) integrated to give the 
following branching analysis per 1000 methylene 
carbons: Total methyls (69.9), methyl (24.5), ethyl 
(11 4), propyl (3.7), butyl (2.3) amyl (0.3), >Hexyl 
and end of chain (24.2) . Thermal analysis showed Tg = 
-42.7°C, and Tm = 33.7°C (15.2 J/g). 

Listed below are the "c NMR data upon which the 
above analysis is based. 
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C NMR Data 
TCB, 120C, 0.05M CrAcAc 



Freq ppm Intensity 



39 


.3416 


7 .78511 


MB2 




38 


.2329 


5 . 03571 


MB3 + 




37 


.8616 


9.01667 


MB3 + 




37 


.5857 


3 .33517 


MB3 + 




37 


.2462 


31 . 8174 


aBi, 




36 


,6415 


2 : 92585 




3B3 


34 


.668 


5.10337 


ay^B 




34 


.2384 


38.7927 


ay+B 




33 


.7397 


.16.9614 


3B5 




33 


.3471 


3 .23743 


3B6+, 


3EOC 


32 


.9387 


16 . 0951 


y+y**B, 


3B4 


31 


.9148 


27.6457 




3B4 


31 


.1297 


6.03301 




3B4 


30 


.212 


59.4286 


y'*'y+B, 


3B4 


29 


.7398 


317,201 


y-^y+B, 


3B4 


29 


.3101 


32 . 1392 


y+y^B, 


3B4 


27 


.1511 


46 .0554 


Py+B, 


2B2 . 


27 


.0185 


53 .103 


py+B, 


2B2 


26 


.419 


9.8189 


Py+B, 


2B2 


24 


.244 


2 .46963 


PPB 




22 


.6207 


28 . 924 


2B5+, 


2EOC 


20 


. 0479 


■ 3.22712 


2B3 




19 


.7084 


18.5679 


IBi 




14 


.3929 


3 .44368 


IB3 




13 


.8677 


30 .6056 


IB4+, 


lEOC 


10 


. 9448 


9.43801 


IB2 





Example 172 

4 -Methyl -1-pentene (20 ml) was polymerized in 
methylene chloride (10 ml) for 19 hr using catalyst 
{ [ (2,6-i-PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}SbF6' (0.04 g, 
0.05 mmol) . The solvent and unreacted monomer were 
removed in vacuo. The polymer was precipitated to 
remove residual monomer by addition of excess acetone 
to a chloroform solution. The precipitated polymer was 
dried in vacuo, to give a 5.7 g yield. ^^C NMR 
(trichlorobenzene, 120°C) integrated to give 518 
methyls per 1000 methylene carbon atoms. Thermal 
analysis showed Tg -30.3°C. 

Listed below are the ^^C NMR data upon which the 
above analysis is based. 
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NMR Data 
TCB, 120C, 0 . 05M CrAcAc 





Freq ppm 


Intensiuy 




47.8896 


13 . 3323 




47.4011 


8 . 54293 




45.7127 


26 . 142 




45.1392 


17 ,4909 




43.9658 


13 , 9892 




43.1375 


12 . 7089 




42.6171 


11 . 5396 




41.8207 


9 . 00437 




39.203 


64 , 9357 




37 .9712 


24 . 4318 




37.3075 


87.438 




35 .4862 


16.3581 




34.9553 


24 . 5286 




34.35 


31 . 8827 


B 


33.3624 


25 . 7696 


€.\ 


33 . 0226 


42 .2982 


m 
ffii ■ 


31.4403 


25 . 3221 


30 . 6226 


38 .7083 




28 . 504 


26.8149 




27 . 989 


81 .8147 


27 . 7341 


78.3801 




27 . 5802 


94 . 6195 


Li. s 


27.458 


75 . 8356 




27 . 0864 


35 . 5524 


pa. 
™' 


25. 6103 


97 . 0113 




23 .4333 


59 .6829 


n i 

e w 


23 . 0563 


41 . 5712 


fli 


22 . 536 


154 .144 


E ; 


21.9944 


5 .33517 




. 20.7307 


16.294 




20.4971 


34 . 7892 




20 ,2953 


29 . 9359 




19 .7378 


62 . 0082 



10 



l-Eicosene (19.0 g) was polymerized in methylene 
chloride (15 ml) for 24 hr using catalyst {[(2,6-i- 
PrPh)2DABMe2]PdCH3CH2CH,C(0)O.CH3}SbF6- (0.047 g, 0.05 
mmol) . The solvent and unreacted monomer were removed 
in vacuo. The polymer was precipitated to remove 
residual monomer by addition of excess acetone to a 
chloroform solution of the polymer. The solution was 
filtered to collect the polymer. The precipitated 
polymer was dried in vacuo to give a 5.0 g yield. "c 
NMR quantitative analysis, branching per 1000 CH2 : 
Total methyls (27), Methyl (14.3), Ethyl (0), Propyl 
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(0.2), Butyl (0.6), Amyl (0.4), >Hexyl and end of 
chains (12 . 4) . 

Integration of the CH2 peaks due to the structure 
-CH (R) CH2CH (R' ) - / where R is an alkyl group, and R' is 
5 an alkyl group with two or more carbons showed that in 
82% of these structures, R = Me . 

Listed below are the ^^C NMR data upon which the 
above analysis is based. 

10 l^C NMR data 





TCB, 1200, 0.05M 


CrAcAc 


Freer mm 


Intensity 




37 . 7853 


13. 978 


MB2 + 


37 . 1428 


52. 1332 


OB 


34.1588 


41.067 


aB4 + 


32.826 


26.6707 


MBi 


31.8066 


24 . 9262 


3B6"*-,3EOC 


30 . 0703 . 


96 . 4154 


y+Y'*"B,3B4 


29 .6243 


1239.8 


y+y+B,3B4 


27 . 0013 


78.7094 


By+B, (4B5, etc.) 


22 . 5041 


23 . 2209 


2B5**-,2EOC 


19.605 


30.1221 


IBi 


13 . 759 


23.5115 


lB4+,EOC 




E??;^mple 


174 


The 


complex [ {2,6-i-PrPh)2DABH2] PdNeCl 



15 g, 0.019 mmol) and norbornene (0.882 g, 9.37 mmol) were 
weighed into a vial and dissolved in 2 ml CH2CI2 . 
NaBAF (0.032g, 0.036 mmol) was rinsed into the stirring 
mixture with 2 ml of CH2CI2 After stirring about 5 
minutes, there was sudden formation of a solid 

20 precipitate. Four ml of o-dichlorobenzene was added 
and the solution became homogenous and slightly- 
viscous. After stirring for 3 days, the homogeneous 
orange solution was moderately viscous . The polymer 
was precipitated by addition of the solution to excess 

25 MeOH, isolated by filtration, and dried in vacuo to 

give 0.285 g (160 equivalents norbornene per Pd) bright 
orange glassy solid. DSC (two heats, 15°C/min) showed 
no thermal events from -50 to 300''C. This is 
consistent with addition type poly (norbornene) . Ring- 

30 opening polymerization of norbornene is known to 
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produce an amorphous polymer with a glass transition 
temperature of about 30-55°C. 

P^ypmplft 175 

The solid complex {[(2,6-i- 
PrPh)2DABH2]PdMe(Et20)}SbFr (0.080 g, 0.10 mmol) was 
added as a solid to a stirring solution of norbornene 
(1.865 g) in 20 ml of o-dichlorobenzene in the drybox. 
About 3 0 min after the start of the reaction, there was 
slight viscosity (foam on shaking) and the homogeneous 
mixture, was dark orange/red. After stirring for 20 h, 
the solvent and unreacted norbornene were removed in 
vacuo to give 0.508 g orange-red glassy solid (54 
equivalents norbornene/Pd) . 1h NMR (CDCI3) : broad 
featureless peaks from 0.8-2.4 ppm, no peaks in the 
olefinic region. This spectrum is consistent with 
addition type poly (norbornene). GPC (trichlorobenzene , 
135°C, polystyrene reference, results calculated as 
linear polyethylene using universal calibration 
theory): Mn=566 Mw=1640 Mw/Mn=2.90. 

^yamplt^. 176 

4 -Methyl -1 -pent ene (10 ml) and ethylene (1 atm) 
were copolymerized in 30 ml of chloroform according to 
example 125 using catalyst ([(2,6-i- 

PrPh)2DABMeJPdCH2CH2CH3C(0)OCH3}SbF6- (0.084 g, 0.10 
mmol) to give 23.29 g highly viscous yellow oil. The 
iH NMR spectrum was similar to the poly (ethylene) of 
example 110 with 117 methyl carbons per 1000 methylene 
carbons. 13c nMR quantitative analysis, branching per 
1000 CH2: Total methyls (117.1), Methyl (41.5), Ethyl 
(22.7), Propyl (3.3), Butyl (13), Amyl (1-2), >Hexyl 
and end of chains (33.1), ^yl and end of chains 
(42 3) , By 13c NMR this sample contains two 
identifiable branches at low levels attributable to 4- 
methyl-1 -pent ene. The Bu and ^yl peaks contain small 
contributions from isopropyl ended branch structures. 

C0CI2 (500 mg, 3.85 mmol) and (2 , 6-i-PrPh) sDABAn 
(2.0 g, 4.0 mmol) were combined as solids and dissolved 
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in 50 mL of THF . The brown solution was stirred for 4 
hours at 25^ C. The solvent was removed under reduced 
pressure resulting in a brown solid (1.97 g, 82% 
yield) . 

5 A portion of the brown solid (12 mg) was 

immediately transferred to another Schlenk flask and 
dissolved in 5 0 mL of toluene under 1 atmosphere of 
ethylene. The solution was cooled to 0°C, and 1.5 mL 
of a 10% MAO solution in toluene was added. The 
10 resulting purple solution was warmed to 25°C and 

stirred for 12 hours. The polymerization was quenched 
and the polymer precipitated from acetone. The white 
ii . polymer (200 mg) was collected by filtration and dried 

^' under reduced pressure. Mn = 225,000, = 519,000, 

15 Mv^/Mn = 2.31, Tg = -42°, T^i = 52°C and 99.7°C. 

Example X79 

Ethyl 10-undecenoate (10 ml) and ethylene (1 atm) 
were copolymerized in 3 0 ml of CH2CI2 according to 
example 125 using catalyst {[(2,6-i- 
20 PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}SbF6~ (0.084 g, 0.10 

mmol) . The copolymer was precipitated by removing most 
of the CH2CI2 in vacuo, followed by addition of excess 
acetone. The solution was decanted and the copolymer 
was dried in vacuo to give 1.35 g viscous fluid. 
25 NMR (CDCI3) : 0.75-0.95(m, CH3 ) ; 0.95-1.5(m, - 

C(0)OCH2CH3, CH2, CH) ; 1.5-1.7 (m, -CH2CH2C (O) OCH2CH3 ) ; 
1.9-2.0(m, -CH2CH=CH-); 2.3(t, - CH2CH2C (O) OCH2CH3 ) ; 
4.15 (q, -CH2CH2C(0)OCH2CH3) ; 5.40 (m, -CH=CH-). The 
olefinic and allylic peaks are due to isomerized ethyl 
30 10-undecenoate which has. coprecipitated with the 

copolymer. Adjusting for this, the actual weight of 
copolymer in this sample is 1.18 g. The copolymer was 
reprecipitated by addition of excess acetone to a 
chloroform solution. NMR of the reprecipitated 

35 polymer is similar except there are no peaks due to 
isomerized ethyl 10-undecenoate at 1.9-2.0 and 5.40 
ppm. Based on integration, the reprecipitated 
copolymer contains 7.4 mole % ethyl 10-undecenoate, and 
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83 methyl carbons per 1000 methylene carbons. l^C NMR 
quantitative analysis, branching per 1000 CH^ : Total 
methyls (84.5), Methyl (31.7), Ethyl ( 16.9). Propyl 
(1.5), Butyl (7.8), Amyl (4.4), >Hexyl and end of 
chains (22.3). GPC (THF, PMMA standard) : Mn=20,300 
Mw=26,300 Mw/Mn =1.30. NMR quantitative 

analysis, branching per 1000 CH2 : ethyl ester (37.8), 
Ester branches -CH (CH2) nC02CH2CH3 as a % of total 
ester: n>5 (65:8), n=4 (6.5), n=l,2,3 (26.5), n=0 

(1.2) . ^ . 

Listed below are the "c NMR data upon which the 

above analysis is based. 
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l^C NMR Data 



Freq ppm 


Intensity 


59. 


5337 


53 .217 


39. 


7234 


2 . 57361 


39. 


3145 


7.80953 


38 . 


2207 


11.9395 


37. 


8437 


20.3066 


37 . 


2225 


29.7808 


36 . 


7181 


5 .22075 


34 . 


6792 


17.6322 


34 . 


265 


107.55 


33 . 


7181 


21.9369 


33 . 


3093 


8 .22574 


32 . 


9164 


15.0995 


32 . 


396 


8.52655 


32 . 


0828 


5.79098 


31. 


9075 


37.468 


31 . 


127 


13 . 8003 


30 . 


6757 


8.38026 


30 . 


2084 


52.5908 


29. 


9961 


27.3761 


29. 


72 


151.164 


29. 


5076 


39.2815 


29. 


2899 


69. 7714 


28 . 


727 


6 .50082 


27 . 


5164 


20.4174 


26. 


,9908 


64.4298 


26 . 


, 5713 


9 .18236 


26 . 


,3749 


11. 8136 


25. 


, 5519 


4 .52152 


25 . 


. 0528 


43.7554 


24. 


.2457 


7 .9589 


23 . 


. 1094 


10,0537 


22. 


.9926 


4.71618 


22 . 


. 6156 


37 .2966 


20 , 


. 0245 


2 .4263 


19 , 


. 6847 


25. 9312 


19 , 


. 1643 


5 .33693 


17 , 


. 5183 


2 .20778 


14 


.2954 


66 . 1759 


13 


. 8653 


43 . 8215 


13 


. 414 


2 . 52882 


11, 


.1521 


5,9183 


10 


. 9237 


14. 9294 


174.945 


3 .27848 


172 .184 


125 .486 


171.695 


4 .57235 



Eyample 179 
The solid complex {[(2,6-i- 
PrPh) 2DABH2] PdMe (EtsO) ISbFg' (0.080 g, 0.10 mmol) was 
added as a solid to a stirring solution of cyclopentene 
(1.35 g, 20 mmol) in 20 ml of dichlorobenzene in the 
drybox. After stirring 20 h, the slightly viscous 
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solution was wor>ced up by removing the solvent vacuo 
to give 1.05 g sticky solid (156 equivalents of 
cyc!opentene per Pd, . (CDCI3, : -"P^- ^P-^-- 

from 0.6-2.6 ppm with maxima at 0.75. 1.05. 1.20, 1.55. 
5 1 65 1.85, 2.10. 2.25, and 2.50. There is also a 

multlplet for internal olefin at 5.25-5.35 This .s 
consistent with a trisubstituted cyclopentenyl end 
group with a single proton (W. M. Kelly et . al . . 
Lromolecules 1994. 27. 447V-44S5.) 
,0 assuming one olefinic proton per polymer chain gives 
DP=8.0 and Mn.540. IR (Thin film between HaCl plates, 
cm-i) : 3048 (vw. olefinic end group, CH stretch) , 
L46(vw, olefinic end group, R.CCHR trisubst.tuted 
double bond stretch) , 1464 (vs) . 1447 (vs) , 1364m, 
„ 1257 (w), 1035 (w), 946 (m). 895(w). 882 (w) , 

" r ;y:iopIntenyl end group, ■'^C-c™, trisnbstltu.ed 

double bond, CHbend), 721 (vw, cyclopentenyl end group. 
RHC.CHR disubstituted double bond. CH bend) . GPC 
(trichlorobenzene, 135-C. polystyrene reference. 
20 results calculated as .linear polyethylene using 
universal calibration theory) •. Mn.l38 Mw-246 
Mw/Mn-l-""- 

The solid complex ([(2.6-1- 
25 PrPh),DflEMe.lPdCH,CH.CH,C(0>OCH,)SbF,- (0.084 g, 0.10 
mmcl, was added to a stirring solution of 10^ ml 
cyclopentene in 10 ml CHCI3 in the drybox. J^"" 
sLrr!ng for 20 h, the mixture appeared to be separated 
into tw! phases. The solvent and unreacted monomer 
30 Tere removed in vacuo leaving --f;-/:^'^ 

,3.3 e<^ivalents cyclopentene per ^^J,"^^^^^^, ^ 

300-C, isoc/min, first heat) : Tg - 107 c. 

165 "C. Tm (end) - 260 «C. Heat of fusion . 29 J/g^ 

Similar results were obtained on the second heat. 
35 GPC (trichlorobenzene. 135-C. polystyrene reference, 
results calculated as linear polyethylene usrng 
universal calibration theory). M„.28.700 Mw.33.300 
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Listed below are the "c NMR analysis for this 
polymer . 

13c NMR Data 
TCB , 120 C. 0.05M CrAcAc 
Freg ppm intensity 



10 



15 



20 



25 



30 



46.4873 142.424 
38.339 59.7617 
30.5886 137.551 



The solid complex {[(2,6-i- 
PrPh) ^DABMeJ PdCH^CH^CH.C (O) OCHslSbFe" (0 . 084 g, 0 . 10 
mmol). was added to a stirring solution of 10.0 ml 
cyclopentene in 10 ml CHCI3 in a Schlenk flask. The 
flask was evacuated briefly and refilled with ethylene. 
It was maintained under slightly above 1 atm ethylene 
pressure using a mercury bubbler. After 20 h, the 
solvent and unreacted monomers were removed in vacuo 
from the homogeneous solution to give 12.89 g of highly 
viscous fluid. IH- NMR (CDCI3): cyclopentene peaks: 
0.65(m, IH); 1.15( broad s , 2H) ; 1.5-2.0(m, 5H) ; 
ethylene peaks: 0.75-0.95(m, CH3 ) ; 0.95-l-5(m, CH and 
CH2) integration shows 24 mole % cyclopentene in this 
copolymer. Analysis of the polyethylene part of the 
spectrum (omitting peaks due to cyclopentyl units) 
shows 75 total methyl carbons per 1000 methylene 
carbons. Based on quantitative analysis, the 

distribution of branches per 1000. methylene carbons is 
Methyl (21), Ethyl (13), Propyl (-0), Butyl (20) and > 
Amyl (20). DSC (first heat: 25 to IBOOC, lOoC/min; 
first cool: 150 to -150°C, 10°C/min; second heat: -150 
to 150OC, lOoC/min,; values of second heat reported): 
Tg = -33°C, Tm = ^B^C (11 J/g) • GPC ( trichlorobenzene . 
1350c, polystyrene reference, results calculated as 
linear polyethylene using universal calibration 
theory) : Mn=3, 960 Mw=10,800 Mw/Mn=2.73. 

Listed below are the "c NMR data upon which the 
above analysis is based. 
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C NMR Data 
TCB, 120C/ 0.05M CrAcAc 



m 
m 

SI 

FS i 

SI 

w 



Freq ppm 



48 . 344 
46 . 5562 
44 , 9064 
42 . 0842 
40.7845 
40 . 5777 
40.3336 
39.5591 

38,7634 
38 .4716 
38.2488 
37 .2144 
36.721 
36 .2913 
35 .8776 
35.6176 
34 .5248 
34 .1959 
33 . 0182 
31.8671 
31.4056 
30 . 8433 
30 .4613 
30 . 0104 
29 . 7133 
29,2359 
28 . 9653 
28.6577 
26 . 9813 
26 .3925 
25 . 9363 
24 .2971 
22 . 9019 
22 .6048 
19 . 7349 
19 . 1991 
17.5811 
13 . 8783 
12 . 6264 
10 . 9501 



Intensity 



1.85262 
22.8938 
10.8003 
16 .824 
117 .364 
113 .702 
136 .742 
15.0962 

18.636 
12 .3847 
17 .3939 
17.5837 
111.057 
11.0136 
22 . 0367 
90.3685 
15.734 
24 . 7661 
14 . 0261 
238 .301 
20 .6401 
11.2412 
20 .2901 
62 .2997 
78 . 3272 
31.6111 
53.5526 
64.0528 
17 .6335 
4 . 51208 
5.6969 
1 . 70709 
9.13305 
14 .3641 
10.124 
2 . 00384 
2 . 28331 
26 . 3448 
19.6468 
4 . 96188 



1 cme and/or 1,3 ccmcc 
1,3 cme 

2 erne 

1 , 3 erne 
1 , 3 erne 

methylene from 2 cme 
or/cind 2 cme 



2EOC 



2B4 
2B5+, 
IBi 
IBi 

end group 
IB4+, lEOC 
end group 
IB2 
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l-Pentene (iO ml) and cyclopentene (10 ml) were 
copolymerized in 20 ml of o-dichlorobenzene solvent 
according to example 180. After 72 h, the unreacted 
monomers and part of the solvent were removed In vacuo 
to give 3.75 g highly viscous fluid. Analysis by 
NMR showed that this material contained 1.81 g of 
copolymer; the remainder was p-dichlorobenzene . The 
NMR spectrum was very similar to poly (ethylene-co- 
cyclopentene) .in Example 181. Integration shows 35 
mole % cyclopentene in this copolymer. Analysis of the 
poly (1-pentene) part of the spectrum (omitting peaks 
due to cyclopentyl units) shows 62 methyl carbons per 
1000 methylene carbons. The fraction of co,l- 
enchainment (chain straightening) in this section is 
.72%. Based on quantitative ^^C analysis, the 
distribution of branches per 1000 methylene carbons is 
Methyl (36) , Propyl (7) , and >Amyl (20) . DSC (first 
heat: -150 to 150 15 "^C/min; first cool: 150 to - 

150 °C, 15 ""C/min; second heat: -150 to 150 ''C, 15 
C/min, ; values of second heat reported) : Tg = -19 ''C, 
Tm = 50 ""C (24 J/g). . GPC ( trichlorobenzene , 135°C, 
polystyrene reference, results calculated as linear 
polyethylene using universal calibration theory) : 
Mn=14,900 Mw=27,300 Mw/Mn=1.82 

Example 183 

A 10 0 mL autoclave was charged with chloroform (40 
mL) , methyl acrylate (10 mL) , {[(2,6- 

EtPh) 2DABMe2] PdMe (NCMe) }BAF" (0.100 g, 0.073 mmol), and 
ethylene (2.1 MPa) . The. reaction mixture was stirred 
under 1.4 MPa of ethylene for 180 min; during this time 
the temperature inside the reactor remained between 2 5 
and 2 6°C. The ethylene pressure was then vented, and 
the crude reaction mixture discharged from the reactor. 
The reactor was washed with 2 x 50 mL of chloroform. 
The washings were added to the crude reaction mixture; 
2 50 mL of methanol was added to the resulting solution. 
After standing overnight, the polymer product had 
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precipitated from solution; it was isolated by 
decanting off the chlorof orm/methanol solution, and 
dried giving 3.91 g of an extremely viscous oxl . H 
NMR of this material showed it to be ethylene /methyl 
5 acrylate copolymer, containing 1-1 mole% methyl 
acrylate. The polymer contained 128 methyl-ended 
hydrocarbon branches per lOOO methylenes, and 7 methyl 
ester ended branches per 1000 methylenes. 

10 A solution of {[(Np)2DABMe2lPdMe(NCMe)}SbFs- (0.027 

g 0.02 mmol) in 5 ml. CDCI3 was agitated under 1.4 MPa 
Q of ethylene for 3 h; during this time the temperature , 

° iLide the reactor varied between 25 and 40°C. NMR 

of the solution indicated the presence of ethylene 
Oligomers. Mn was calculated on the basis of NMR 
integration of aliphatic vs. olefinic resonances to be 
100. The degree of polymerization, DP, was calculated 
on the basis of the NMR spectrum to be 3.8,- for a 
linear polymer this would result in 500 methyl-ended 
branches per 1000 methylenes. However, based on the 
NMR spectrum the number of methyl-ended branches per 
1000 methylenes was calculated to be 787. 

[ (2-t-BuPh) zDABMea] NiBrz 
A Schlenk tube was charged with 0.288 g (0.826 
mmol) of (2-t-BuPh).DABMe3, which was then dissolved xn 
15 mL of CH2CI2. This solution was cannulated onto a 
suspension of (DME)NiBr2 (0.251 g, 0.813 mmol) xn 15 ml. 
of CH2CI2. The reaction mixture was allowed to stir 
overnight, resulting in. a deep red solution. The 
solution was filtered and the solvent evaporated under 
vacuum. The remaining orange, oily residue was washed 
with ether (2 x 10 mL) and dried under vacuum to gxve 
an orange/rust powder (0.36 g, 78%). 

[ (2-t-BuPh) jDABAn] NiBra 
(2-t-BuPh).DABAn (0.202 g, 0.454 mmol) and 
. (DME)NiBr2 (0.135 g, 0.437 mmol) were combined and 



Ni 15 

rii 

bj 100 

a 

O 

m 



25 



30 
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15 



20 



25 



stirred in 25 mL of CH2CI2 . as in Example^ 185. An 
orange/rust solid was isolated (0.18g, 62%). 

Rygmple 187 

[ ( 2 , 5 - 1 -BuPh) jDABAn] NiBrj 
The corresponding diimine (0.559 g, 1-00 mmol) and 
{DME)NiBr2 (0.310 g, 1-00 mmol) were combined and 
stirred in 35 mL of CH2CI2, as was done in Example 185. 
An orange solid was isolated. (0.64 g,. 83%) . 

^y^mplPS 1R8-19Q 
Polymerizations were carried out at 0°C and under 
1 atmosphere of ethylene pressure. The (diimine) NiBrz 
complex (1.4-1.7 X 10-5 n,ol) was placed into a flame- , 
dried Schlenk flask and dissolved in 100 mL of toluene. 
The flask was placed under ethylene and cooled xn. an 
ice bath. Polymerization was initiated' by addition of 
100 equivalents (1.5 mL 10% soln in toluene) of 
methylaluminoxane (^4AO) . The reaction mixture was 
stirred for 30- or 120 minutes, at constant temperature 
followed by quenching with 6M HCl . Polymer was 
precipitated from the resulting viscous solution wxth 
acetone, collected- via filtration, and dried under 
vacuum for 24 h. A summary of results is shown below. 
EX NO. catalyst 

[{2-t-BuPh)2DABMe2]NiBr2 

^gg [ (2-t-BuPh)2DABAn]NiBr2 

[ (2, 5-t-BuPh) 2PABAn]NiBr2 



Exam. 


Catalyst 


Conditions 


Yield 


TO/hr -mol 


(10"^ mol) 




(g) 


catalyst 


188 


(1.7) 


0°C, 120 m 


9 . 88 


10, 500 


189 


(1.4) 


O^'C, 30 m 


8.13 


40, 500 


190 


(1.5) 


0°C, 30 m 


6.60 


31,000 



30 



F.T<:'l'"P"'*^s 191-196. 
General Procedure. The procedure of Example 84 
for the homopolymerization of ethylene) was followed 
with the exception that the acrylate was added to the 
reaction mixture at -VS-C immediately following the 
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10 



15 



addition of 50 mL of CH^Cla • Polymerizations are at 
rol temperature (rt, and X atn, ethylene ^^^^"^ 
otherwise. The copolymers ware generally pur.fxed by 

filtering an Et.O or petroleum ether solution of the^ 
polymer through Celite and/or neutral alumina. H and 
13C HMR spectroscopic data and GPC analysis are 
consistent with the formation of random copolymers. In 
ad^i ion to the polyethylene resonances, the following 
resonances. diagnostic of acrylate incorporation were 

, oMo^ 2 28 (t J = 7.48, OCH2), 1.58 (m, OCH2CH2) , 
Z MHZ. S XVS .CO,,, SO., ,C,0,C„e,. 

= 13.51, OCH2(CF2)6CF3), 2.40 (t, J = ^ " ' "^^^^^ "^f^^ ' 
1 64 C(0)CH2CH.); NMR (CDCI3, 100 MHz) 5 172.1 

(C(0)), 59.3 (t, JcF = 27.0, OCH2(CF2)6CF3). 



Ex. 



191 



192 



193 



194 



195 



catalyst 
(R) . 
cone . 
(10'^ 
Molar) 



Acrylate 
cone . 
(Molar) 



Me , 2 . 3 I 0 Me . 6 . 7 



196 



Me, 2 . 0 1 FOA, 1.3 



H, 2.0 



FOA, 



.74 



Rxn 
Time 
(h) 



24* 



48 



24 



24 



24 



2 . 0* 



FOA, 



. 74 



24 




20 



apinal 3 h at 50*^C. 
JbTHF, PMMA standards. 
*=Catalyst: is {[{2,6-i- 

PrPh) DABAn] PdCH^CH^CH^C (O) OCH^ (CF^) 6CF3) }BAF 
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px;^mpl^g 197-203 
In Examples 197-203, structures of the type 
represented by (VI) and (IX) are described. 

F,xamplg 197 

5 { [(2.6-i-PrPh)2DABMe2]Pdiyie(H2C=CH2)}BAF- and 

{ [ (2 . 6-i-PrPh) 2DABMe2] Pd (P) H2C=CH2 ) }BAF- 
In a drybox under an argon atmosphere, an NMR tube 
was charged with -0.01 mmol of ({[(2,6-i- 
PrPh)2DABMe2]PdMe}2(^-Cl)>BAFV[(Na(OEt2)2BAF or NaBAF] 
10 or { [ (2, 6-i-PrPh) 2DABMe2] PdMe (OEta) }BAF'. The tube was 

then capped with a septum, removed from the drybox, and 
^. cooled to -78°C. Via gastight syringe, 700 jiL of 

i£\ CD2CI2 was then added to the NMR tube and the septum 

was wrapped with Parafilm. The tube was shaken very 
15 briefly in order to dissolve the palladium complex. 
After acquiring a spectrum at -80°C, 1-10 equiv of 
olefin was added to the -78°C solution via gastight 
syringe, ant the olefin was dissolved in the solution 
by briefly shaking the NMR tixbe . The tube was then 
rti 20 transferred to the cold NMR probe and spectra were 

^ acquired. This olefin complex was prepared from both 

Lj, ' preicursors using one equiv of ethylene: NMR 

(CD2CI2, 400 MHz, -60°C) 6 7.72 (s, 8, BAF : Cq) , 7.54 
(s, 4, BAF: Cp) , 7.4 - 7.0 (m, 6, Haryl) , 4.40 (s, 4, 
25 H2C=CH2) , 3.38 (brm, 4, 0(CH2CH3)2), 2.69 (septet, 2, J 
= 6.73, CfiMe2), 2.63 (septet, 2, J = 6.80, C'JiMe2), 
2.34 and 2.23 (s, 3 each, N=C (ATe) -C ' (Me) =N) , 1.33 (d, 
6, J = 6.80, C'HMeMe'), 1.25 (d, 6, J = 6.50, CHMeMe • ) , 
1.14 (d, 6, J = 7.00, CHMeMe'), 1.10 (br m, 6, 
30 0(CH2CH3)2), 1-07 (d, 6, J = 6.80, C'HMeMe'), 0.18 

(PdMe) ; NMR (CD2CI2, 100 MHz, -60°C) 8 180.3 and 

174.7 (N=C-C'=N) , 161.5 (q, Jbc = 49.6, BAF: Cipgo) , 
143.3 and 141.7 (Ar, Ar ' : Cipgo), 134.4 (BAF: Co), 128.6 
(Ar: Cp) , 128.4 (q, Jbc = 32.3, BAF: C^,) , 127.7 (Ar': 
35 Cp) , 124.7 and 124.4 (Ar, Ar': Co), 117.3 (BAF: Cp) , 
91.7 (JcH = 160.7, H2C=CH2) , 65.8 (O ( CH2CH3 ) 2 ) , 28.9 
(CHMe2), 28.8 (C'HMe2), 24.1, 23.4, 22.9 and- 22.7 



m 

■m 

w 

E 
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iCUMeMe', C'HMeMe')/ 21.7 and 21.5 (N=C (Me) =C ' (Me) =N) , 
15,0 {OCH2CH3)2)/ 4.3 (PdMe). 

In the presence of 5 equiv of ethylene, chain 
growth was observed at -35°C. Spectral data for 
( [ (2,6-i-PrPh)2DABMe2]Pd(P) (CH2=CH2) }BAF' [wherein P is 
as defined for (VI)] intermediates (CD2CI2, 400 MHz, - 
3 5°C) are reported in the following table: 



{[a.6-i-PrPh)2DABMe2]Pd[(CH2)nCH3](H2C=CH2)}+BAF- 



n 


H2C=^CH2 




sr=CCMe)-C'(Afe)=N 




Pdf 


CH2)n 


Me 


mult. 


5 


mult. 


5 


mult. 


5 


mult 


J 


5 


0 
2 
4 


s 
s 
s 


4.42 
4.36 
4.36 


s 
s 
s 


2.35 
2.37 
2.37 


s 
s 
s 


2.24 
2.22 
2.22 


s 
t 
t 


7.00 
7.20 


0.22 
0.39 
0.62 



Addition of 15 more equiv of ethylene and warming 
to room temperature leads to complete consumption of 
ethylene and the observance of a single organometallic 
species: NMR (GD2CI2, 400 MHz , 24 . 0°C) 5 7 . 74 (s, 

8, BAF: Co), 7.19 (s, 4, BAF : Hp), 2.85 (brm, 4, 
CfiMe2, C'HMe2), 2.36 and 2.23 (s, 3 each, N=C (Me) - 
C'(Me)=N), 1.5 - 1.0 (CHMeMe', C'HMeMe'), 1.29 
(Pd (CH2) nCHa) , 0.89 (Pd{CH2)nCH3) - 

F,yarnple 198 
{ [ (2,6-i-PrPh) 2DABH2] PdMe (H2C=CH2 ) jBAF" and 
{ [ (2 , 6-i-PrPh) 2DABH2] Pd(P) (H2C=CH2) jBAF" 
This olefin complex, {[(2,6-i- 
PrPh) 2DABH2] PdMe (H2C=CH2) } BAF', was prepared following 
the procedure of example 197 by both of the analogous 
synthetic routes used in example 197, using one equiv 
of ethylene: ^H NMR (CD2CI2, 400 MHz, -60°C) 5 8.42 and 
8.26 (s, 1 each, N=C (H) -C ' (H) =N) , 7.72 (s, 8, BAF: Ho), 
7.54 (s, 4, BAF: Hp), 7.42 - 7.29 (m, 6 , Haryl) » 4.60 
(s, HzC^CHz) , 3.37 (q, 4, J = 7.03, (O (CH2CH3) 2) , 2.89 
(septet, 2, J = 6.71, CiiMe2) , 2.76 (septet, 2, J = 
6.68, C'JiMez), 1-35 (d, 6, J = 6.72, C'HMeMe'), 1.29 
(d, 6, J = 6.79, CHMeMe'), 1.15 (d, 6, J = 
6.72,CHMeMe') , 1.09 (d, 6, J = 6.54, C ' HMeMe ' ) , 1-15 
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(t, 6, J = 7.34, 0(CH2CH3)2), 0.46 (s, 3, PdMe) ; 
NMR (CD2CI2, 400 MHz, -60°C) 5 167.7 (Jch = 182, 
N=C(H) ) , 162.8 (Jch = 182, N=C' (H) ) , 161.4 (q, J = 
49.8, BAF: Cipso) , 140.2 and 139.8 (Ar, Ar' : Cipso) / 
138.6 and 137.3 (Ar, Ar ' : Co), 134.4 (BAF: Co), 129.2 
and 129.1 (Ar, Ar': Cp) , 128.3 (q, JcF = 32.2, BAF: 
Cn,) , 124.3 and 124.0 (Ar, Ar': C^) , 124.2 (q, Jcf = 
272.5; BAF: CF3) , 117.3 (BAF: Cp) , 92.7 (Jch = 162.5, 
H2C=CH2) , 65.8 (0(CH2CH3)2) , 28.9 and 28.7 (CHMe2 and 
C'HMe2) , 25.1,. 24.0, 22.0 and 21.9 (CHMsMe', C'HMeMe') , 
15.12 (Jch = 139.2, PdMe) , 15.09 (O (CH2CH3) 2 ) 

In the presence of 10 equiv of ethylene, chain 
growth was monitored at -35°C. Diagnostic NMR 
spectral data (CD2CI2, 400 MHz, -SS'^C) for the second 
title compound are reported in the following table: 



{ [(2,6-i-PrPh)2DABH2]Pd[(CH2)nCH3](H2C=CH2)}+B AF " 





N=C(if)-C'(/0=N 


H2C= 


-CH2 


Pd 


l(CH2)nMe 


n 


mult. 


S 


mult. 


8 


mult. 


5 


mult 


J 


5 


0« 


s 


8.42 


s 


8.27 


br s 


4.6 


s 




0.50 


2b 


s 


8.41 


s 


8.24 


br s 


4.6 


t 


7.85 


0.36 


4 


s 


8.41 


s 


8.24 


br s 


4.6 


t 


7.15 


0.62 


6 


s 


8.41 


s 


8.24 


br s 


4.6 


t 


7.25 


0.76 


>6 


s 


8.41 


s 


8.24 


brsc 


4.6 


m 




0.85^ 




*For n 


= 0 : 


5 2 . 91 


and 2 


.71 (septet, 


2 each,' 




CHM&2, C'HMe2) , 1 


. 38 , 1 


.32, 1 


.18 and 1.12 


(d, 6 


each. 





CHMeMe ' , C'HMeMe'). ^For n > 0: 5 2.91 and 2.71 
(septet, 2 each, CHMe2 , C'fiMe2)/ 1.37, 1.35, 1.16 and 
1.11 (d, 6 each, CHMeMe ' , C'HMeMe'). ^In the absence 
of free ethylene, bound ethylene appears as a sharp 
singlet at 4.56 ppm, ^ 1.27 (Pd (CH^) nCHs) . 

After the ethylene was consumed at -3 5°C, the 
sample was cooled to -SS^'C. Broad upfield multiplets 
were observed at -7.2 to -7.5 ppm and - 8.0 to -8.5 
ppm. The sample was then warmed to room temperature 
and a spectrum was acquired. No olefins were detected, 
the upfield multiplets were no longer observable, and a 
single organometallic species was present: ^H NMR 
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(CD2C12. 400 MHZ, 19.8°C) 8 8.41 and 8.28 (s, 1 each, 
N=C(H)-C' {H)=N), 7.72 (s, 8, BAF : Ho), 7.56 (s, 4, BAF : 
Hp), 3.09 (m, 4, CHMe2, C'flMe2). 1-35, 1.32, 1.26 and 
1.22 (d, 6 each, J = 6.5-6.8, CHMeMe ' , C'HMeMe'), 1.27 
5 (Pd(CH2)nCH3) . 0.88 (Pd (CH2 ) nCHj) - 

A second spectrum was acquired 12 minutes 
. later at room temperature. Substantial decomposition 
of the organometallic species was observed. 

JO ( [ (2, 6-i-PrPh) 2DABH2] PdMe {H2C=CH2) }BAF- 

This olefin complex, {[(2,6- 
MePh).DABH2]PdMe(H.C=CH.)}BAF-, was prepared following ; 

the procedure in example 197, using {[(2,6- 
MePh)2DABH33PdMe(OEt.)}BAF- and one equiv of ethylene: 
15 IH NMR (CD2CI2, 300 MHZ, -70°G) 5 8.46 and 8.31 (s, 1 
each, N=C(H)-C' (H)=N), 7.72 (s, 8, BAF: Ho), 7.52 (s, 
' 4, BAF: Hp), 7.4 - 6.4 (m, 6, HaryD, 4.56 (s, 4, 

H2C=CH2), 2.19 and 2.16 (s, 6 each, Ar, Ar': Me), 0.31 
(s, 3, PdMe) . 

20 in the presence of 10 equiv of ethylene (eq 

3) olefin insertion was monitored at -30°C and the 
production of cis- and trans-2-butenes was observed. 

Kr^^TTipi ^- 200 
{ [ (2, 6-i-PrPh) 2DABMe2] PdMe (H2C=CHMe) }BAF- 
25 This olefin complex, {[(2,6-i- 

prPh).DABMe2]PdMe(H,C=CHMe)}BAF, was prepared following 
the procedure of Example 197, using {[(2,6-i- 
PrPh)3DABMe.] PdMe (OEt^)} BAF- and one equiv of propylene: 
IHNMR (CD2CI2, 400 MHZ, -61°C) 8 7 . 73 (s, 8, BAF: Ho), 
30 7.55 (s, 4, BAF: Hp), 7.4 - 7.0 (m, 6, HaryD, 5.00 (m, 
1 H2C=CHMe), 4.24 (d, 1, J = 9 . 1 , «H • C=CHMe) , 4.23 (d, 
1 J = 14 8, HH'C=CHMe), 3.38 (br q, 4, J = 6.50, 
0(CH2CH3)2), 2.8-4 (septet, 1, J = 6.5., Ar : CIiMe2), 2.68 
(m, 3, Ar: C'«Me2; Ar • : CHMe2, C'fiMe2), 2.32 and 2.22 
35 (s' 3 each, N=C (We) -C • (Me) =N) , 1.63 (d, 3, J = 6.40, 

H2C=CHMe), 1.35, 1.30, 1,25, 1.1, 1-1, 1-04 (d, 3 each, 
J = 6 4 - 6 7 Ar: C-HMeMe'; Ar' : CHMeMe', C'HMeMe'), 
1.24 and 1-1 (d. 3 each, J = 6.4, Ar: CHMeMe'), 1-1 (m, 
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6, 0(CH2CH3)2). 0.28 (PdATe) ; l^cNMR (CD2CI2/ 100 MHz, 
-61°C) 5 179.9 and 174.7 (N=C-C'=N) , 161.5 (q, JfiC = 
49.7, BAF: Cipso) , 138.8, 137.9, 137.8, 137.7, 137.0 
and 136.9 (Ar: Cipso/ ^o> Co'; Ar' : Cipso» Co, Co'); 
5 134.4 (BAF: Cq) , 128.6 and 128.5 (Ar: Cp, Cp' ) , 128.4 

(q, JCF = 31.6, BAF: Cm). 124.8, 124.7, 124.4 and 124.4 
(Ar: Cm, Cm'; Ar': Cm, Cm'), 124.2 (q, JcF = 272.5, 
BAF: CF3) , 117.3 (BAF: Cp) , 116.1 (JCH = 155.8, 
H2C=CHMe) , 85.6 (JcH = 161.4, H2C=CHMe) , 65.8 
10 (0(CH2CH3) 2) , 28.9, 28.7, 28.7, 28.7 (Ar: CHMe2, 

C'HMe2; Ar' : CHMe2 , C'HMe2) , 24.5, 23.9, 23.5, 23.4, 
22.9, 22.9, 22.8, 22.2, 21.71, 21.65, 20.9 (H2C=CHAre; 
Ar: CUMeMe' , C'HMeMe'; Ar ' : CHMeMe ' , C'HMeAfe', N=C(Are)- 
C'(Afe)=N), 16.9 (JcH = 137.5, PdMe) . 15.0 (O (CH2CH3 ) 2 ) • 
15 Kvample 201 

{ [ (2, 6-i-PrPh) 2DABH2] PdMe (H2C=CHMe) }BAF- and 
{ [ (2, 6-i-PrPh) 2DABH2] Pd(P) (H2C=CHMe) jBAF" 
This olefin complex, {[(2,6-i- 
PrPh) 2DABH2] PdMe (H2C=CHMe) }BAF", was prepared following 
20 using both of the synthetic routes used in Example 197, 
using one equiv of propylene: NMR (CD2CI2, 400 MHz, 

-80 °C) 8 8.40 and 8.24 (s, 1 each, N=C (H) -C ' (H) =N) , 
7.72 (s, 8, BAF: Ho), 7.53 (s, 4, BAF: Hp), 7.40 -7.27 
(m, 6, Haryl). 5.41 (br m, H2C=CflMe) , 4.39 (d, 1, J = 
25 8.09, fiH'C=CHMe), 4.14 (br d, 1, J = 15.29, HH'C=CHMe) , 
3.10 (br m, 1, CHMe2) . 2.87 (overlapping septets, 2, 
C'HMe2, C''iJMe2), 2.59 (br septet, 1, C • ' • HMe2) , 1 • 64 
(d, J = 6.07, U2C=CHMe) , 1.39 and 1.03 (d, 3 each, J = 
6.4, CHMeMe'), 1.27, 1.27, 1.14 and 1.1 (d, 3 each, J = 
30 5.9 - 6.7, C'HMeMe', C'HMeMe'), 1.23 and 1.1 (d, 3 
each, J = 6.8, C'''HMeMe'), 0.47 (PdMe); NMR 
(CD2CI2, 100 MHz, -SO^C) 8 167.1 (JcH = 181.6, N=C(H) ) , 
163.0 (JcH = 182.1, N=C'(H)), 161.3 (q, JbC = 50.0, 
BAF: Cipso), 140.5 and 140.0 (Ar, Ar': Cipso), 138.5, 
35 138.3, 137.7 and 137.2 (Ar: Co, Co'; Ar ' : Co, Co'), 

134.2 (BAF: Cq) , 128.9 and 128.8 (Ar, Ar': Cp) , 128.1 
(q, JCF = 31.1, BAF: Cm), 124.0 (q, JCF = 272.5, BAF: 
CF3), 124.6, 123.8, 123.8 and 123.6 (Ar : Cm, Cm'; Ar': 
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Cm, Cm'). 117.1 (BAF: Cp) , 116.4 (JcH = 160.3, 
H2C=CHMe) , 85.4 (JcH = 159.9, H2C=CHMe) , 65.7 
(0(CH2CH3) 2) / 29.2, 28.7, 28.5 and 28.0 (Ar : CHMe2 , 
C'HMe2; Ar' : CHMe2 , C'HMe2), 26.0, 24.4, 24.03, 23.97, 
23.7, 21.9, 21.8, 21.7 and 21.6 (H2C=CHAre; Ar: CHMeMe', 
C'HMeMe'; Ar ' : CHMeMe', CHMeMe'), 16.6 (JcH = 142.1, 
PdMe) , 15.0 (0(CH2CH3) 2) . 

In the presence of 10 equiv of propylene, chain 
growth was monitored at -20°C, thus enabling {[(2,6-i- 
PrPh) 2DABH2] Pd [ (CHMeCH2)Me] (H2C=CHMe) }BAF', 
intermediates to be observed {CD2CI2, 400 MHz, -20°C) : 



{ [(2,6-i-PrPh)2DABMe2]Pd((CHMeCH2)nMe)(H2C^CHMe)}+BAF - 



n 


N=C//C'/f=N 


- "yx— ' 

HR'C=Ch 


Me 


HH'C=Ch 


Me 


C=CHMe 


(CHMeCH2)nMe 


5 


5 


mult 


J 


6 


mult 


J 


8 


mult 


5 


mult 


J 


5 


0 
1 

>1 


8.40 
8.38 
8.39 


8.26 
8.24 
8.23 


d 
d 
d 


14.4 
14.4 
13.7 


4.25 
3.98 
4.07 


d 
d 
d 


8.6 
7.4 
8.0 


4.47 
4.25 
4.41 


m 
m 
m 


5.45 
5.55 
5.42 


s 
t 


7.1 


0.59 
0.51 



The compound { [(2,6-i- 
PrPh) 2DABH2] PdMe (H2C=CHCH2Me) } BAF" was made using both 
the synthetic methods described in Example 197, except 
1-butene was used. NMR (CD2CI2, 400 MHz, -75°C) 5 

8.44 and 8.28 (s, 1 each, N=C (H) -C * (H) =N) , 7.74 (s, 8, 
BAF: Co)/ 7,56 (s, 4, BAF: Cp) , 7.5 - 7.2 (m, 6, Haryl) . 
5.4 (m, 1, H2C=CHCH2CH3) 4.36 (d, 1, J = 8.2, 
HH'C=CHCH2CH3) , 4.13 (brm, 1, HH ' C=CHCH2CH3 ^ , 3.14, 
2.92, 2.92 and 2.62 (m, 1 each, Ar, Ar»: CHMe2, 
C»HMe2), 1.95 and 1,65 {m, 1 each, H2C=CHCHH 'CH3) , 1.5 
- 1.0 (d, 3 each, Ar, Ar ' : CHMeMe', CHMeMe'), 0.60 (s, 
3 , PdMe) . 

Isomerization to cis- and trans- 2 -but ene began at 
-78°C and was monitored at -15°C along with chain 
growth. For Pd[P] species, formation of the 1-butene . 
complex occurred selectively in the presence of cis- 
and trans-2-butene . Consumption of all olefins was 
observed at 2 0°C. 
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{ t (2, 6-i-PrPh) 2DABH2I PdMe (CH3CH=CHCH3) }BAF- 
. Experiments involving the reaction of the 
bispalladium(^-Cl) compound/NaBAF (as in Example 197) 
5 with trans-2-butene and the bispalladium(,-Cl) compound 
alone with cis-2-butene led to partial formatxon of the 
corresponding olefin complexes. An equilibrium was 
observed between the ether adduct and the olef xn adduct 
when a compound of the type {[(2,6-i- 
10 PrPh) .PABH.] PdMe (OEt.) }BAF- was reacted with one e<^xv 

of cis- or trans-2-butene. Addition of excess 2-butene 
led to complete formation of the olefin adduct. Chaxn ; 
growth, which was monitored at O^C to room temperature, 
led to complete consumption of butenes . Some butene 
15 isomerization occurred during the course of the 
oligomerization and small' amounts of p-hydrxde 
elimination products (disubstituted 

and trisubstituted olefins) were observed . Oligomer 
.ethylene and methyl groups were observed at 13 and 
20 0.8 ppm, respectively. Diagnostic XR NMR spectral data 
for the butene complexes follows: 

{[(2 6-i-PrPh).DABHjPdMe(trans-CH,CH.CHCH,)}BRF . 

IH NMR (CD.C1., 400 MHz, -39-C) 8 8.43 and 8.29 (s, 1 
each N=C(H)-C(H)-N), 5.27 and 4 . 72 (m, 1 each, 
25 c: CH=C.HCH3,, 0.73 <PdMe,,. .^C (CD.d. -O MH. - 

5 166.8 (JCH - 1S1.5, N.C(H) ) , 163.2 UcH =- "5^^, 
«=C..H,,, 161.2 ,„ .BC,= 49. S, B^: C o, 141.3 and 
.39.9 («, AX.: C,p.„), 138.4, 138.2, 

<Ar, C„, C„M, 134.0 (BAF: C„. , 128 . 74 and 128^ VI 

30 (Ar, Ar.= Cp), 128.0 «,,.^c. - 31.9, BAF : C„) , 125 4 
(j™ . 150.0, free MeCH-CHMe) , 123.8 (q, Jcf - 2". 5 
BAF: CP3., 124.8, 123.7, 123.5 and 123.4 (Ar, Ar.= C„. 
C .) 117.0 (BAF: Cp) , 107.0 and 106. S (JcH-152, 
„e<3i'.C.HMe), 65.6 (free 0(CH.CH3).), 29.5, 28.3, 27.6, 
35 26 5, 24.1, 23.8, 23.6, 21.5, 21.3, 21.2, 20.4, 19.9, 
19 6 17 9, 17.5 (AT, AT': CHMeMe ■ , C'HMeMe'; 



MecnlcHMe,', 17.7 (free MeCH-CHMe) , 15.0 (Pd«e) 

(0{CH2CH3)2) • 



14 .7 
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{ [(2,6-i-PrPh)2DABH2]PdMe(cis-CH3CH=CHCH3)}BAF-. 
NMR (CD2CI2, 400 MHZ, -75°C) 5 8.37 and 8.25 (s, 1 
each, N=C(H)-C- (H)=N), 5.18 (q, 2, CH3CH=CHCH3) , 1-63 
(d, 6, J = 4.9, CH3CH=CHCH3) , 0.47 (PdMe) . 

References for the synthesis of bis (oxazoline) 
ligands and their transition metal complexes : Corey, 
E. J.; imai, N.; Zang, H. Y. J. Am. Chem. Soc . 1991, 
113. 728-729. Pfaltz, A. Acc. Chem. Res. 1993, 26,- 
33 9-345, and references within. 

^iyf1"'r"'«^ 204 

2,2-bis{2- [4(S) -methyl-l,3-oxazolinyl] }propane 
(500 mg, 2.38 mmol) was dissolved in 10 mL CH2CI2 in a; 
Schlenk tube under a N2 atmosphere. This solution was 
added via cannula to a suspension, of (1,2- 
dimethoxyethane)NiBr2 (647 mg, 2.10 mmol) in 30 mL of 
CH2CI2. The solution was stirred for 18 hours. The 
solvent was evaporated under reduced pressure. The 
product, 2,2-bis{2- [4 (S) -methyl-1,3- 

oxazolinyl]}propaneNi(Br2), was washed with 3 x 15 mL 
of hexane. The product was isolated as a purple powder 
(0 .85 g, 84% yield) . 

The product of Example 204 (14.2 mg, 3.3 x lO'^ 
mol) and toluene (75 mL) were combined in a Schlenk 
flask under 1 atmosphere ethylene pressure. The 
solution was. cooled to QOC, and 3.0 mL of a 10% MAO 
(100 eq) solution in toluene was added. The resulting 
yellow solution was stirred for 40 hours. The . 
oligomerization was quenched by the addition of H2O and 
a small amount of 6 M HCl . The organic fraction was 
separated from the aqueous fraction, and the toluene 
was removed under reduced pressure. A colorless oil 
resulted (0.95 g of oligomer) . This illustrates that 
polymerization may be effected by such Pd, Ni and/or Co 
bisoxazoline complexes which are substituted in both 4 
positions of the oxazoline ring by hydrocarbyl and 
substituted hydrocarbyl groups. 



259 





15 



[ (COD) PdMe (NCMe) ] +BAF- 
To CODPdMeCl (lOOmg, 0.37 mmol) was added a 
solution of acetonitrile (0.08 mL, 1.6 mmol) in 25 mL 
5 CH2CI2 TO this colorless solution was added Na-BAF" 
(370 mg, 0.4 mmol) . A white solid immediately 
precipitated. The mixture was stirred at -20°C for 2 
hours. The solution was concentrated and filtered. 
Removal of solvent under reduced pressure resulted xn a 
10 glassy solid. . ^^H NMR (CD.Cl.) 6 5.78 (mult. 2H) . 5 5.42 
(.ult, 2H), 52.65 (mult, 4H) , 5 2.51 Omult 4H) 6 
2.37 (s, 3H. NCMe). 6 1-19 (s, 3H. Pd-Me) . 8 7.72 (s. , 
8. BAF-. Ho), 5 7.56 (s. 4. BAF" , Hp). 

KTr^mpI^ 2 07 

[2 6-(i-Pr)2PhDABH,]NiBr2 (10 mg, 1.7 X 10-5 n,ol) . 
toluene.' (13 m^) , and 1-hexene (38 mL) were -or^^^e^J^ 
a Schlenk flask under an argon atmosphere. A 10. MAO 
. solution (1.5 mL, 100 eq) in toluene was added, to a. 
suspension of the diimine nickel dihalide . The 
20 resulting purple solution was stirred at room 

temperature for 1 hour. The. polymerization was 
quenched and the polymer precipitated from acetone. 
The resulting colorless polymer was dried in vacuo (2 5 
.g). GPC (toluene, polystyrene standards) Mn = 330,000; 

25 M„ = 590,000; Mn/Mw =1-8. 

Ernmrl^ 208 

[(2,6-i-PrPh).DABHjNiBr, (10 mg, 1-7 x lO'^ mol) 
was added to a solution which contained toluene (30 mL) 
and 1-octene (20 mL) . A 10% solution of MAO (1.5 mL, 
30 100 eq) in toluene was added. The resulting purple 
solution was allowed to stir for 4 hours at room 
temperature. Solution viscosity increased over the 
duration of the polymerization. The polymer was ■ 
precipitated from acetone and dried in vacuo --Itxng 
L 5 3 g of copolymer. Mn = 15,200; Mw = 29,100; M./Mn 



35 



= 1.92 
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[(2 6-l-PrPh)2DABMe,lNi(CH3)2 (20 mg, 4.1 X 10-5 
„ol) and' MAO <35.7 ™g, ise„ «e« combine^ as solids in 
an NMR tube. The solid mixture was cooled to -78 C and 
dissolved in 700 m- of CD.Cl. . «h.le cold 10 of 
ether d" was added to stabilize the incipient cation. 
IH NMR spectrum were recorded at 253, 
It was apparent that the starting, nicl^el dimethyl 
cLplex was disappearing and a new niCcel complex <es, 
::/being formed. Activation of the dimethy comp ex 
was occurring through methane loss (s,S 0.22)^ After 

hours at 293''K all of the starting species had 
disappeared. To test for ethylene polymerrzation 
a::::!ty, SOOO ,10e., of ethylene was added via gas 

tight syringe to. the solution at -78 C. Tne 
c^Lu Jion of ethylene was monitored by NMR 
spectroscopy. The onset of ethylene uptake was 
spectiu b'jr , TT the ethylene was consumed 

observed at 223°K and all of the etnyx 
upon warming the probe to 2S3°K. The 
, tie Ni-Me signal during the experiment suggests that 
under these conditions propagation is faster than 
initiation. Solid polyethylene was observed upon 
removing the NMR tube from the probe. 

,5 ;(,,,.i-PrPh).DABAn)NiBr, (12 mg, 1.7 x ^"'^^^J^ 

«as combined with toluene (50 mL, and 1-hexene (25 m^, 
,„aer a atmosphere. Et.AlCl (0.01 m. - - 
added to the polymerization mixture. The "^^^^^ 
„„r„le solution was allowed to stir for 4 hours. After 

30 :Tours the polymerization was ^enched and the polymer 

precipitated from acetone. The polymerization yielded 

, ^ ^\ (^':^^ TO) (GPC, toluene, 
2.05 g poly (1-hexene) (731 TO) . > 

polystyrene standards) Mn - 30b, uu w ^ 

3. ^.°:«/(W"i:;crirm:th;rperio; ^- 

carbons. This number is significantly less than would 
be expected for strictly atactic 1-hexene. 
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concentration dependence on -"^vst activity .n 
niCcel catalyzed polymerization o* a-olefxns^ A ser.es 
of ho^opoly^erizations of i-hexene were run at 10 
15% 20%. 30%, 40%. and 75% 1-hexene by volume. In 
each of the above cases 10 mg of ' 
PrPh).DABH.)NiBr3 was taken up m toluene a 
(50 no, total volume 1-hexene . toluene) . °^ "^^^ 

oc;Or and activated by tne 
polymerizations were run at 25 C ana ac , 

IddlTion of i.S ml. of a 10% MAO solution .n toluene. 

polymenzatlons were stirred for 1 hour and^ 
quenched upon the addition of acetone. The polym 
precipitated from acetone and dried in vacuo. 10. by 
Llume 1-hexene yielded 2.S g poly (1-hexene , 15. by 
, volume 1-hexene yielded 2.. g poly 1-hexene , 20. by 

volume 1 hexene y poly (1-hexene) , 40% by 

volume 1-hexene yielded 2.6 g poiy 

• Q a Dolv (1-hexene) , /S" 
volume 1-hexene yxelded 2.6 g poxy 

• T^^^ 9 ^ a Tjolv (1-hexene) . 
volume 1-hexene yxelded 2.5 g poxy v 

° V rl (200 mg 1.6 mmol) and 20 ml of CH.Cl, were 

K- d in a schlenk flask under an argon atmosphere. 
Tntreparat; f lask, S50 mg ,2 , S-i-PrPh, ..^Me. and 20 
.1 CH.Cla were combined, resulting ^J^^ 

,5 solution. The ligand solution was -^""^J '^f^^^,^. 
transferred via cannula into the -«P--°" ^'Hfl 

.he ^^^^^-^^.^°^-t::z^^^----^ 

filter crula-rsoreTrpia solid was also left 
30 behind, . The solvent was removed in vacuo to g.ve 

,..pie solid (0.53 - ---"^ ^'^^n T°-"^^ ^ 

purple solid was co,rt..ned wxth °' , 

atm of ethylene. The solution was ■ 

- Of a 10% MAO ---^l^rirreTfor^hr. The 
35 mixture was warmed to 25 C and ^^.^ected by 

^A^^^^i-f-d bv acetone, coiiecteu yjy 
fur: Tiltrti:: a^walhed „ith .« HCI. water and 
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acetone. The white poller waB dried under reduced 
pressure. Yield 13 mg. 

A 58-mg (0 . 039-mmol) sample of {[(2,6-i- 
5 PrPh) 2DABMe.l PdCH.CH.CH.C (O) OCH3 ) BAP" was P^^^^ ^ ^ 
eoO-mL stirred autoclave under nxtrogen ISOmL of 

aeaerated water. This- mixture was P-^-^f " ' 
MPa with ethylene and was stirred at 23 C for 68 hr. 
MPS wicii 1 autoclave was found 

When the ethylene was vented,, the autoc 
in f„ be tull of rubbery polymer: on top was a layer of 
whi« fluffy elastomeric polyethylene, while beneath 
Tas g^ay dense elasto.eric, polyethylene . The water : 
poured out of the autoclave, it was a hazy lr.ht 

blue, containing a tiny ---^^/^^r^/f^:!. .ample 
1-? Dolvethylene; evaporation of the whoxe q 
15 poiyecriyj- ^-..^1 The product was dried 

yielded a few mg of material . The proa 

-.r-iclri 85 5cr of amorphous 
under high vacuum to yield, 85.bg ^ ^ 

n wTf»ne which exhibited a glass 
elastomeric polyethylene wh ^^^^ing endotherm 

i-T-ansition temperature of -61 C and a meici y 
20 of 3X=C .16./g. by differential scanning calor.met^. 
H-1 ^ analysis (CDCI3) = "5 methyl carbons per 1000 

V, Gel permeation chromatography 

methylene carbons. Gel permco 

Ttrichlorobenzene, 135°C, polystyrene reference, 
results calculated as polyethylene using -wersal 
,5 calibration theory,: M„.42,500; M„.S29,000,. M„/«„.12^4. 

25 caiiDraci water as a 

This example demonstrates the use ox p 

polymerization medium . 

A 73-mg (0.049 mmol) sample of {[{2,6-i- 

pr suri^ed to S.S MPa with ethylene and ^ f 
„ !,<.c for 17 hr. When the ethylene was vented, most of 
35 23 c for 17 n foaming; it was 

.he -ulsion came out the --e ^ 

::rio:: thirds filtered to give, after MeOH and 
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acetone washing and air-drying, 2 . 9g of amorphous 
polyethylene as a fine, gray mabber powder. The 
filtrate from the suspended polymer was a clear gray 
solution; this was concentrated on a hot plate to yield 
5 recovered Triton® X-100 and palladium black. There was 
no polymer in the aqueous phase. The elastomeric 
polyethylene product exhibited a glass transition 
temperature of -50°C and a melting endotherm of 48°C 
(5J/g) by differential scanning calorimetry. H-1 NMR 
10 analysis (CDCI3) : 90 methyl carbons per 1000 methylene 
carbons. Gel permeation chromatography 
(trichlorobenzene, 13 5°C, polystyrene reference, 
results calculated as polyethylene using universal 
ffi calibration theory): Mn-31,000; Mw=311,000; Mw/Mn=10 . 0 . 

15 This example demonstrates the aqueous emulsion 

polymerization of ethylene in the presence of. a non- 
ionic surfactant . 

F.^^^mple 215 
A 93-mg (0.110-mmol) sample of {[(2,6-i- 
PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}+SbF6- was placed in a 
600-mL stirred autoclave under nitrogen with ISOmL of 
deaerated water; to this was added 0.75g (1.4 mmol) of 
FC-95® anionic f luorosurf actant (potassium, 
perf luorooctansulfonate) . This mixture was pressurized 
to 5-1 MPa with ethylene and was stirred at 23'^C for 15 
hr. The ethylene was vented; the product consisted of 
polymer suspended in emulsion as well as some polymer 
granules on the wall of the autoclave; the emulsion was 
filtered to give, after MeOH and acetone washing and 
30 air-drying, 2.4g of amorphous polyethylene as a fine, 
gray rubber powder. The hazy blue -gray aqueous 
filtrate was evaporated to yield 0.76g of residue; hot 
water washing removed the surfactant to leave 0.43g of 
dark brown sticky polyethylene rubber. H-1 NMR (CDCI3) 
35 analysis: 98 CH3 ' s per 1000 CH2 * s . Differential 

scanning calorimetry: melting point: 117°C (lllJ/g); 
glass transition: -31°C (second heat; no apparent Tg on 
first heat) . This example demonstrates the aqueous 
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emulsion polymerization of ethylene in the presence of 
a anionic surfactant . This example also demonstrates 
that a true aqueous emulsion of polyethylene can be 
obtained by emulsion polymerization of ethylene with 
these catalysts in the presence of an appropriate 
surfactant . 

Example 216 
A 90-rtig (0.106-mmol) sample of {[(2,6-i- 
PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}+SbF6- was placed in a 
600-mL ^stirred autoclave under nitrogen with 150mL of 
deaerated water; to this was added 0.75g (2.1 mmol) of 
cetyltrimethyl ammonium bromide cationic surfactant. ' 
This mixture was pressurized to 5.2 MPa with ethylene 
and was stirred for 66 hr at 23°C. The ethylene was 
vented; the product consisted of polymer suspended in a 
dark solution; this was filtered to give, after MeOH 
and acetone washing and air-drying, 0.13g of amorphous 
polyethylene as a tacky, gray rubber powder. There was 
no polymer in the aqueous phase. H-1 NMR (CDCI3) 
analysis: 96 CH3 ' s per 1000 CH2's. Differential 
scanning calorimetry: glass transition: -SS'^C; melting 
endotherms: 40°, 86°, .120°C (total: 20J/g) . This 
example demonstrates the aqueous emulsion 
polymerization of ethylene in the presence of a 
cationic surfactant. 

Example 217 
An 87 -mg (0.103 -mmol) sample of {[(2,6-i- 
PrPh) 2DABMe2] PdCH2CH2CH2C (0)OCH3}+SbF6- was placed in a 
600-mL stirred autoclave under nitrogen. To this was 
added 100 mL of dry, deaerated methyl acrylate 
containing 100 ppm of phenothiazine as a free-radical 
polymerization inhibitor. The autoclave was stirred 
and pressurized to 3 00 psig with ethylene over 5 min. 
The autoclave was then pressurized to 6 00 psig with an 
additional 300 psig of carbon monoxide (3 00 psig E + 
300 psig CO = 600 psig) . The reaction was stirred for 
2 0 hr at 23°C as the autoclave pressure dropped to 270 
psig. The ethylene was then vented; the autoclave 
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contained a yellow solution which was concentrated by 
rotary evaporation, taken up in methylene chlorxde 
filtered, and again concentrated to yield 0.18g of dark 
brown viscous oil . The product was washed with hot 
acetone to remove the brown catalyst residues and was 
held under high vacuum to yield 55 mg of a colorless, 
viscous liquid terpolymer. The infrared spectrum 
exhibited carbonyl absorbances at 1743 (ester) , 1712 
(ketone), and -1691 cm-i. H-1 NMR (CDCI3) analysis: 
76CH3's per lODO CH2 ; there were peaks at 2 . 3 (t, 
CE2COOR), 2.7 (m, CH2CO), and 3.66 ppm (COOCH3) • The 
polymer contained 3.3 mol% MA (9.4 wt% MA) . The carbon; 
monoxide content was not quantified, but the absorbance 
in the infrared spectrum of the polymer due to ketone 
was about 1/2 to 2/3 the absorbance due to acrylate 
ester. This example demonstrates the use of carbon 
monoxide as a monomer. 

FirfiTir'"' 

A 20-mg (0.035-mmol) sample of NiBr2[2- 
NpCH=N(GH2)3N=CH-2-Npl, where Np = naphthyl , (see 
structure below) was magnetically stirred under 
nitrogen in a 50-mL Schlenk flask with 25 mL of. dry 
deaerated, toluene. Then 0 . 6 mL of polymethylalumoxane 
(3 3M) was injected; the light pink suspension became a 
dark gray-green solution, eventually with black 
precipitate. The mixture was immediately pressurxzed 
with ethylene to 7 psig and was stirred at 23 C for 18 
hr, during which time the mixture became a clear yellow 
solution with black, sticky precipitate. The ethylene 
was vented; the offgas contained about 3% butenes 
(90:10 1-butene: trans-2-butene) by gas chromatography 
(30-m Quadrex GSQ® Megabore column; 50-250°C at ^ 
loVmin) . The toluene solution was stirred wxth 6N HCl 
and methanol and was separated; concentration of the 
35 toluene solution followed by acetone rinsing the ■ 
residue yielded 85 mg of liquid polyethylene. H-1 NMR 
(CDCI3) analysis: 209 CH3 ' s per 1000 CH2 • s . This 
example demonstrates the efficacy of a catalyst wxth a 
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bis-imine ligand. in which the imine groups are not 
alpha to one another. 

+ PMAO 





NiBrz 

^ ?;yamp1fi 219- 

A 17-mg {0.027-inmol) sample of [(2,6-i- 
PrPh)2DABMe2]ZrCl. was magnetically stirred under^ 
nitrogen in a 50-mL Schlenk flask with 25 ml, of dry, 
deaerated toluene. Then 0 . 6 mL of polymethylalumoxane 
10 (3.3M) was injected; the yellow suspension became an 
orange-yellow solution. The mixture was PJ^-^ 
with ethylene to 7 psig and was stxrred at ^J^^ '^ 
hr during which time polymer slowly accumulated on the 
stir bar and eventually rendered the solutxon , 
15 unstirrable. The toluene solution was stirred wxth 6N 
. HCl and methanol and was filtered to yield (after MeOH 
and acetone washing and air-drying) l.Olg of whxte, ^ 
fluffy polyethylene. Differential scanning calorxmetry 
exhibited a melting point of 131°C (I24a/g) • Thxs 
20 example demonstrates the efficacy of a Zr(IV) catalyst 
bearing a diimine ligand. 

^y^Fpl^- 22 0 
A 14-mg (0.024-mmol) sample of [ (2 , 6-i- 
PrPh)2DABMe2]TiCl. was magnetically stirred under 

cr, mT cjr-hlenk flask with 25 ,mL of dry, 
25 nitrogen in a 50-mL SchlenK tj. ^ , Then 

deareated toluene (distilled from Na under N.) . Then 
0 6 mL of polymethylalumoxane (3.3M) was injected; the 
yellow suspension became a dark brown suspension wxth 
some precipitate. The mixture was pressurized with 
30 ethylene to 7 ps^ig and was stirred at 23 C for 3 hr, 

during which time polymer accumulated and rendered the 
solution unstirrable. The toluene solution was stirred 
with 6N HCl and methanol and was filtered to yield 
after MeOH and acetone washing and air-drying, 1.09g of 
35 white, fluffy polyethylene. Differential scanning 
calorimetry exhibited a melting point of 131 C 
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(l61J/g) - This example demonstrates the efficacy of a 
Ti(lV) catalyst bearing a diimine ligand. 

A 28-mg (0.046-mmol) sample of [(2,6-i- 
PrPh) 2DABMe2] CoBr^ was magnetically stirred under 
nitrogen in a 50-mL Schlenk flask with 25 mL of dry, 
deaerated toluene. Then O.'B mL of polymethylalumoxane 
(3.3M). was injected, resulting in a deep purple 
solution, and the mixture was pressurized immediately 
with ethylene to 7 psig and stirred at 23°C for 17 hr. 
The solution remained deep purple but developed some 
viscosity due to polymer. The ethylene was vented; the! 

off gas contained 1.5% 

1-butene by gas chromatography (3 0-m Quadrex GSQ 
Megabore column; 50-250°C at 10°/min) . The toluene 
solution was stirred with 6N HCl/methanol and was 
separated; concentration of the toluene solution 
yielded, after drying under high vacuum, 0 . 18g of 
elastomeric polyethylene. A film of polymer cast from 
chlorobenzene was stretchy with good elastic recovery. 
Differential scanning calorimetry: glass transition: - 
41°C- melting endotherm: 43°C (15Cr/g) . This example 
demonstrates the efficacy of a cobalt (II) catalyst 
bearing a diimine ligand. 
25 FfXqmpI e 222 

A 35-mg (0.066-mmol) sample of [(2,6-x- 
PrPh)2DABMe2]FeCl. was magnetically stirred under 
nitrogen in a 50-mL. Schlenk flask with 25 mL of dry, 
deaerated toluene . Then 0 . 6 . mL of polymethylalumoxane 
(3 3M) was injected; the. deep purple-blue solution 
became a royal purple solution, which evolved to deep 
green-black over time. The mixture was immediately 
pressurized with ethylene to 7 psig and was stirred at 
23°C for 70 hr, during which time the mixture became a 
pale green solution with black, sticky precipitate. 
The ethylene was vented; the toluene solution was 
stirred with 6N HCl and methanol and was filtered to 
yield 9 0 mg of polyethylene. 
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Differential scanning calorimetry : melting 
endotherm: 128°C (84J/g) . This example demonstrates 
the efficacy of a iron (II) catalyst bearing a diimine 
ligand. 

5 T=;yainple 22,3 

A mixture of 3.2g of the polyethylene product of 
Example 96, 60 mg (1.9 wt%) of dicumyl peroxide, and 
50g (1.6 wt%) of triallylisocyanurate (TAIC) was 
dissolved in 100 mL of THF . The polymer was 

10 precipitated by stirring the solution in a blender with 
water; the peroxide and TAIC are presumed to have 
stayed in the polymer. The polymer was pressed into a! 
clear, rubbery, stretchy film at 125°C. Strips of this 
film were subsequently pressed at various temperatures 

15 (100°C, 150°C, 175°C, 200°C) for various times (1 min, 5 
min, 10 min) to effect peroxide -induced free-radical 
crosslinking . The cured sheets were all clear and 
stretchy and shorter-breaking: 100°C for 10 min gave no 
apparent cure, while 150°C/5 miii seemed optimal. The 

20 cured films came closer to recovering their original 
dimensions than the uncured films. This example 
demonstrates peroxide curing of the amorphous 
elastomeric polyethylene. 

•ply^^'P"' g*- 224 

25 A 28-mg (0'. 050-mmol) sample of TiCl4 [2- 

NpCH=N(CH2) 2N=CH-2-Np] , where Np = naphthyl, (see 
structure below) was magnetically stirred under 
nitrogen in a 50-mL Schlenk flask with 25 mL of dry, 
deaerated toluene. Then 0.6 mL of polymethylalumoxane 

30 (3.3M) was injected; the . orange suspension became 

reddish-brown. The mixture was immediately pressurized 
with ethylene to 7 psig and was stirred at 23°C for 66 
hr. The toluene solution was stirred. with 6N HCl and 
methanol and was filtered to yield, after methanol 

35 washing and air-drying, 1.30g of white, fluffy 
polyethylene . 

Differential scanning calorimetry: melting 

endotherm: 135°C (242J/g) . 
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This example demonstrates the efficacy of a 
catalyst with a bis-imine ligand in which the imxne 
groups are not alpha to one another. 




PMAO 



A 33-mg (0.053-mmol) sample of [(2,6-i- 

<3 2M) was injected,, the pale orange solution 
Light yalXow. Th. fixture «as i™.eaiateXy pre.sur..ad 
with ethylene to 7 psig and was stirred at 23 C for 17 
,5 hr dLing which time the fixture regained yellow and 
' granular suspended polymer appeared The athy ena was 
vented; the toluene solution was strrred wxth 6N HCl 
Ind methanol and was filtered to yield 2.77g of whrta, 
granular polyethylene. This example 
20 !£ficaoy of a scandium (III) catalyst baar.ng a drxmrne 

ligand. 

This compound was made by a procedure similar to 

oc TYtre^P mL (19.2 mmol) of 2-t 
25 that of Example 25. Three mi. 

. -, . T Ti cr (9.39 mmol) of 

butylanxlme and l.7i g v^-^^ ^ ^„ en mi. 

aceIaphthene<^inone were partially dissolved in 50 m^ 
of methanol (acenaphthenequinona was -t complataly 
soluble, . « orange product was crystallised from 
30 CH2C12 O.Slg.. a4.X%,. 1H«»K (CDC13, ""^^'^J'^^ 
2H. a - 8.0 HZ, BIAS: Hp), 7.52 (m, 2H, 
';5 ,dd, 2H. . = a.O, 7.3 HZ. BX«.= Hm, 7.21 m, .H, 

^ oo /™ Ar- Ho), 6.81 (d, 2H, o 

Ar: Hm and Hp), 6.92 (m, 2H, Ar. 

e.9Hz, BIAN: HO), 1.38 (s, 18H, C(CH3)3). 
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Methyl vinyl ketone was stirred over anhydrous 
K2CO3 and vacuum transferred on a high vacuum line to a 
dry flask containing phenothiazine (50 ppm) . Ethylene 
and methyl vinyl ketone (5 ml) were copolymer ized 
according to Example 16 using catalyst {[{2,6-i- 
PrPh)2DABMe2] PdCH2CH2CH2C (O) OCH3 } "^SbFe- (0.084 g, 0.10 
mmol) to give 0.46 g copolymer (0.38 g after correcting 
for catalyst residue) . ^H- NMR (CDCI3) 0.75-0.95(m, 
CH3) ; 0.95-1.45(m, CH and CH2) ; 1.55(m, - 
CH2CH2C(0)CH3); 2.15(s, -CH2CH2C (O) CH3 ) ; 2.4(t, - 
CH2CH2C(0)CH3) • Based on the triplet at 2.15,. it ; 
appears that much of the ketone functionality is 
located on the ends of hydrocarbon branches, 
integration shows that the copolymer contains 2.1 mole% 
methyl vinyl ketone, and 94 methyl carbons (exclusive 
of methyl ketones) per 1000 methylene carbons. The 
turnover numbers are 12 8 equivalents of ethylene and 3 
equivalents of methyl vinyl ketone per Pd. GPC (THF, 
PMMA standard): Mn=5360 Mw=7470 Mw/Mn = 1.39. 

A Schlenk flask containing 122 mg (0.0946 mmol) of 
{[(4-MePh).DABMe,]PdMe(N^CMe)}^BAF- was placed under a" 
CO atmosphere . The yellow powder turned orange upon 
addition of CO, and subsequent addition of 20 mL of 
CH2CI2 resulted in the formation of a clear red 
solution. t-Butylstyrene (10 mL) was added next and 
the resulting orange solution was stirred for 25.7 h at- 
room temperature. The solution was then added to 
methanol in order to precipitate the polymer, which was 
collected by filtration and dried in a vacuum oven at 
50 °C overnight (yield = 4.03 g): GPC Analysis (THF, 
polystyrene standards): Mw = 8,212; Mn = 4,603; PDI = 
1 78. The NMR spectrum (CDCI3, 400 MHz) of the 
isolated polymer was consistent with a mixture of 
copolymer and poly ( t-butylstyrene) . 

Mixtures of alternating copolymer and poly(t- 
butylstyrene) were obtained from this and the followihg 
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polymerizations and were separated by extraction of the 
homopolymer with petroleum ether. When R and R were 
4-MePh (this example) atactic alternating copolymer was 
isolated. When R^ and R^ were 2,6-i-PrPh (Example 229) 
5 predominantly syndiotactic alternating copolymer was 
isolated. (Spectroscopic data for atactic, 
syndiotactic, and isotactic t - butyl styrene/ CO 
alternating copolymers has been reported: M. 
Brookhart, et al . , J. Am- Chen,. Sac, 1992, 114, 5894- 
10 ' 5895; M. Brookhart, et al . , J- Am- Chem, Soc. 1994, 

116, 3641-3642.) 

petroleum ether (-200 mL) was added to the polymeif 
mixture ■ in order to extract the homopolymer, and the 
resulting suspension was stirred vigorously for several 
15 h The suspension was allowed to settle, and the 

petroleum ether solution was decanted off of the gray 
powder. The powder was dissolved in CH2CI2 and the 
resulting solution was filtered through Celite. The 
CH2CI2 was then removed and the light gray powder (0.61 
20 g) was dried in vacuo. ^^H and NMR spectroscopxc 
data are consistent with the isolation of atactic 
alternating copolymer: NMR (CDCI3, 300 MHz) 5.7.6 - 

6 2 (br envelope, 4, Haryl) . 4.05 and 3.91 (br, 1, 
CHAr'), 3.12 and 2.62 (br, 2, CH2) , 1-26-1.22 (br 
25 envelope, 9, CMes) ; NMR (CDCI3, 75 MHz) 5 207.5 - 

206.0 (br envelope, -C(0)-), 150.0 - 149.0 (br, Ar - : 
C ) 135 0 - 133.8 (br envelope, Ar": Cipso) # 127.9 
(L- : 126.0 - 125.0 (br, Ar ■ : C.) , 53 . 0 - 51.0 (br 

envelope, CHAr'), 46.0 - 42.0 (br envelope, CH2) , 34.3 
30 (CMes) , 31.3 (CMe3) . 

^y^mp"**^ 22 9 

The procedure of Example 228 was followed using 
134 mg (0.102 mmol) { [ (2 , 6- i-PrPh) aDABMeJ PdMe (N= 
CMe)}-BAF-. A mixture (2.47 g) of copolymer and 
35 poly (t-butylstyrene) was isolated. GPC Analysis (THF, 
polystyrene standards): M. = 10,135; Mn = 4,922; PDI = 
2 06 Following the extraction of the homopolymer wxth 
petroleum ether, 0.49 g of off-white powder was 
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isolated. iH and ^^C NMR spectroscopic data are 
consistent with the isolation of predominantly 
syndiotactic copolymer, although minor resonances are 
present- NMR (CDCI3. 300 MHz) 6 7.20 (d, 2, J - 

8.14, Ar.: Ho or H.) , 6.87 (d, 2, J = 7.94, AT • : Ho or 
H ) 3 91 (dd, 1. J = 9.06, 3.16, CHAr'), 3-. 15 (dd, 1, 
^:X8;02, 9.96, CHH.), 2.65 (dd, 1, J =17.90, CHH'), 
1 25 (s 9, CWe3); "C NMR (CDCI3, 75 MHz) 5 207.0 (- - 
C(0) -), 149.8 (Ar-: Cp) , 134.5 (Ar": Cipso) , 127.8 (Ar': 
C„), 125.6 (Ar.': C^) , 51.7 (CHAr'), 45.6 (CH^) , 34.3 
(Olea) . 31.3 [CMes) . 

Flyf-mp"' ^30 

A Schlenk flask containing 74.3 mg (0.0508 mmol) 
of {[(2,6-i-PrPh).DABMe,]PdMe(OEt2)}-BAF- was evacuated 
cooled to -78 oc and then placed under an atmosphere of 
ethylene/CO (1:1 mixture). Following the addition of 
50 mL of chlorobenzene, the reaction mixture was 
allowed to warm to room temperature and starred. A 
small amount of white precipitate appeared on the s.des 
of the flask after 0 . 5 h and more precipitate formed 
during the next two days. After stirring ^or^7.2 h, 
the reaction mixture was added to methanol and the 
resulting suspension was stirred. The precipitate was 
then allowed to settle, and the methanol was decanted, 
leaving behind a cream powder (0.68 g) , which was drxed 

^ -7n oc for one day. ^H and "c NMR 
in a vacuum oven at 70 C tor one u<*y 

spectroscopic data are consistent with the isolatxon of 
an alternating copolymer of ethylene and carbon 
monoxide: ^H NMR (CDCla/pentaf luorophenol , 400 MHz) 
2.89 (-C(0)-CH2CH2-C(0)-); l3cNMR 

(CDCl3/pentafluorophenol, 100 MHz) 5 212 . 1 (-C(O) -) , 

35.94 (CH2) . ^ . ^ ^ 

For comparisons of the spectroscopic data of 
alternating E/CO copolymers herein with literature 
values, see for example: E. Drent, et al., J- 
Organomet. Chem. 1991, 417, 235-251. 
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A Schlenk flask containing 73.2 mg X0.0500 
of {[{2,6-i-PrPh)2DABMe,]PdMe(OEt2)}*BA^ was eva 
cooled to -78 »C, and then back-f iHed' with eth^ 
atm) Chlorobenzene (50 mL) was add/d via syrir. 
the solution was allowed to warm tyroom tempera 
After 0.5 h, the reaction vessel v/as very warm . 
ethylene was being rapidly consi^ed. The react: 
flask was then placed in a roo/- temperature wat. 
and stirring was continued fo^ a total of 3 h. 
viscous solution formed. T^e atmosphere was th 
switched to ethylene/carbc^ monoxide (1:1 mixtu 
atm) and the reaction mixture was stirred for 4 
hours. During this tin4, the solution became s 
more viscous. The p/ymer was then precipitate 
adding the chlorobe/ene solution to methanol, 
methanol waa- deca/ed off of the polymer, whxcl 
then partially dissolved in a mixture of EtzO, 
and THF. The i/soluble polymeor fraction (2.71 
collected on a/sintered glass frit, washed wxtl 
chloroform, a^d then dried in a vacuum oven at 
for 12 h /le NMR spectroscopic data of the g. 
rubbery ma/erial are consistent with the forma 
diblock q£ branched polyethylene and linear 

(CDCls/entafluorophenol, 400 MHz) 8 2.85 (- 
C(0)cZcH2C(0)-), 2.77 (-C(0)CH2, minor), 1-24 
0.83/(CH3); Polyethylene Block Branching: ~10 
lOo/ CH2; Relative Block Length [ (CH2CH2) n" 
(g^O)CH2CH2).] : n/m = 2.0. "C NMR 
(/fcDCls/pentafluorophenol, 100 MHz; data for et 
/lock) 5 211.6 (-C(O)-), 211.5 (-C(O)-, minor) 
/(C(0)-ai2CH2-C(0)), 35.8 (C(0)CH2, minor). 
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Efif mi?"' ''^ ^-32 

A schlenk flas^ containing 75.7 mg (0.0527 mmol) 
of (t(2,6-i-PrPh),DABH,lPdMe(OEt.))*BAF- was 
tooled -78 "C, and then baoic-filXed with "hylene ,X 
Chlorobenzene (50 ^. was added via syrxnge the 
solution was allowed to warr. to room temperature and 
stirred for 3 h. The solution did not become war^ or 
stirred tor ^j,^ atmosphere was changed 

viscous during this time. ine 

to ethylene/carbon monoxide (l-.l mixture, 1 atm) and 
to ethyle 47.7 more hours. During 

) the solution was stirred tor 4 viscous 
this time, the reaction mixture became quite viscous 
and solvent-swollen- polymer precipitated on the sides ^ 
f the fLsk The polymer was precipitated by addition 
I'the reaction mixture to methanol. The methanol was 
3 iLanted o« o. the rubbery polymer ,4.17 g, which was 
then dried in a vacuum oven for one day J 
Chloroform was then added to the polymer and the 
^bbery insoluble fraction (0.80 g) was 
sintered glass frit. A NMK spectrum (CDCl^, 
,0 ^"rif the chlorofor^-soluble polymer showed no carbon 
Tnlxlde incorporation,, only branched P---^ — ^ 
Observed NMR- spectroscopic data for the cnio 
observeci. f w-i th the formation of 

insoluble fraction was consistent with the 
a diblock of branched polyethylene and linear 
25 poly (ethylene-carbon monoxide) : ^« 

(CDCl./pentafluorophenol, 400 MHz) 6 2.88 

(CDCl3/pen ^ ^ Polyethylene 

(C(0)CH2CH2C(0)), 1.23 (CH2) , Relative Block 

Block Branching: 132 CH3 per 1000 CH. Relat 
Length[(CH2CH.)n-(C(0)CH2CH2)n,] : n/m =0.30, 
30 ^CD^Cl./pentafluorophenol, 100 MHz; data for ethylene 

Tblock) 8 211-3 (-C(O)-), 211.3 (-C(O)-, ^xnor) , 36.5 
(-C(O)CHaCH.C(O)-), 36.4 (C(O)CH., minor). 

Kygmpi*"- 233. 

A 34-mg (0.053-mmol) sample of the crude product 

^^•;r^;,llv stirred under nitrogen 
35 of Example 235, was magnetically stirr ^^^^^^ 
in a 50-mL Schlenk flask with 25 mL of dry, deaer 
toluene. Then 0 . 6 mL of polymethylalumoxane (3.3M) 
in Lted,. the purple-pink suspension became a gold- 
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^Ay^^i-^t^ The mixture was 

stirred £°r 20 hr. witn _ ^^^^ 

..served to ^ venter and t.e 

5 walls of the flask. ^ / methanol 

. toluene solution was -"J"^ '^^ „ 
and was filtered to y.eld after 

washing and" air-drying) ^■^■'5 ° „„^^„es the efficacy 
polyethylene. This example demonstrates 

n ^ .,-ii-v. a 1 3-diimine ligand. 
,0 of a catalyst „.th a 1. ^^^^^^ 

. (n 3 ml 3.6 mmol) was added to a 

Coneentrated H -^^^^^^^ 

15 solution of 2,4 pe ^^^^ 

diisopropylan.l.ne (5 . 0 ml ^ 
ethanol. The reaction ""^ ^ This was 

during Which time a whrte solid ^^^J 

separated by filtration, ^JJ^^^ bicarbonate. The 
- .reated with™.e-^^^^^^^^^^^ 

product ,„,,,...s sodium sulfate^ 

organxc layer arie i 43 g (28%) of the 

removal of the -;7-;//r"s:ailine%roduct, mp. 1.0- 
title compound as a white c y . „ ^H) , 7. 12 ( m, 6 

- -°---'7^T::v:;"ra,;..o';m,.H. 

H. aromatic), ^'^^ ' , CH3) , 1.22 (d, 

isopropyl CH, . = H.) 1 ^ ^^^^ 

12 H, isopropyl CH3 a ^ ^^^^^^ 5 ^^^ 3, 

isopropyl CH3, a - • (aromatic C-2) , 

30 (C-NV, "-•" .'"°'"^^^\"3';; (aromatic C-3, , ».41 (" 
.25.2. (aromatic C-4, 12 -21 ( ^ , 

23.43 (isopropyl CH'; , ,13.333 

23.44 (isopropyl CH3) , ^J--" 



(calc. 418.335) 
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Example 23S 



p, ^.H^.-i. o f -^>- Yi^^^- nol^onPri-^ptiop catalyst 
Ni(MeOCH2CH20Me)Br2 (0.110 g, 0 
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356 mmol ) and 

MeC(=N-2,6-C6H3-iPr2)CH=C(NH-o'6H3-iPr2)Me (0.150 g, 
0 359 mmol) were combined in io mL of methylene 
chloride to give a peach-colored suspension. The 
reaction mixture was stirred^ at room temperature 
overnight, during which tim4 a lavender- colored powder 
precipitated. This was is/lated by filtration, washed 
with petroleum ether and /ried affording 0.173 g of 
material. This compound/was used as the catalyst xn 
Example 233 . 

^fTf^TTir'"' e 236 

tPd(MeCN)4] (BF4/2 (0.423 g, 0.952 mmol) and (2,6- 
i-PrPh)2DABMe2 (0.3/5 g, 0.951 mmol) were dissolved xn 
3 0 mL acetonit rile /under nitrogen to give an orange 
solution. The re/ction mixture was stirred at room 
temperature over/ight; it was then concentrated an 
vacuo to afford/a yellow powder. Recrystallizatxon 
from methylene /hloride/petroleum ether at -40 C 
afforded 0.63 A of the title compound as a yellow 
crystalline s4lid. IH NMR (CD2CI2) 8 7.51 (t, 2H, 
Hpara), 7.37(d, 4H, H.eta) , 3.22 (sept, ^^^f ' 

2 52 (s, 6/N=CMe), 1-95 (s, 6H, NC^Me) , 1.49 (d, 12H, 

CHMe2), l-A CHMe2) • 

Example 237 

^. .-.^^^ p^-l^ ^^ i-^^^-non rntBlvrerl by {r(?,,6-X- 

100 mL autoclave was charged with a solution of 
-i-PrPh)2DABMe2]Pd(MeCN)2}(BF4) 2. (0.043 g, 0.056 
dissolved in 50 mL chloroform and ethylene (2.8 
The reaction mixture was stirred under 2 . 8 MPa 
ene for 9 h 15 min. During this time, the 



t/mperature inside the reactor increased from 23 to 
il°C. The ethylene pressure was then vented and 
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Example 235 

Ni(MeOCH2CH20Me)Br2 (O-HO g, 0.356 mmol) and 
MeC(=N-2,6-C6H3-iPr2)CH=C(NH-C6H3-iPr2)Me (0.150 g, 
0 359 mmol) were combined in 10 mL of methylene 
chloride to give a peach-colored suspension. The 
reaction mixture was stirred at room temperature 
overnight, during which time a lavender- colored powder 
precipitated. This was isolated by filtration, washed 
with petroleum ether and dried affording 0.173 g of 
material . This compound was used as the catalyst xn 
Example 233 . . 

[Pd(MeCN)4l(BF4)2 (0.423 g, 0.952 mmol) and (2,6- 
i-PrPh)2DABMe2. (0.385 g, 0.951 mmol) were dissolved xn 
3 0 mL acetonitrile under nitrogen to give an orange 
solution. The reaction mixture was stirred at^room 
temperature overnight; it was then concentrated .n 
vacuo to afford a yellow powder. Recrystallizatxon 
from methylene chloride/petroleum ether at -40 C 
afforded 0.63 g of the title compound as a yellow 
crystalline solid. IH NMR (CD2CI2) S 7.51 (t, 2H, 
Hpara). 7.34 (d, 4H, H.eta) , 3.22 (sept ^H'^--> ^ 
2 52 (s, 6H, N=CMe), 1-95 (s, 6H, NC^Me) , 1-49 (d, 12H, 

CHMe2) , 1-31 (d, 12H, CHMe2) • 

Example 237 

x..v^^ .i»r.^. Pol -.Ti -^-i--^-^"^ r^tBlv^ed by {r(?..6-i- 

A 100 mL autoclave was charged with a solution of 
{[(2,6-i-PrPh)2DABMe2]Pd(MeCN)2}(BF4)2 (0-043 g, 0.056 
Ll) dissolved in 50 mL chloroform and ethylene (2^8 
35 MPa) The reaction mixture was stirred under 2 - 8 MPa 
ethylene for 9 h 15 min. During this time, the 
temperature inside the reactor increased from 23 to 
27°C The ethylene pressure was then vented and 
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volatiles removed from the reaction mixture to afford 
1.65 g of a viscous yellow oil. This was shown by 
NMR to be branched polyethylene containing 94 methyl - 
ended branches per 1000 methylenes. 

Example 238 
Ethylen e polymerization bv Ni (COD) / (2 . 6 - i- 

Ni(COD)2 (0.017 g, 0.06 mmol) and (2,6-i- 
PrPh) 2DABMe2*HBAF (Et20) 2 (0.085 g, 0.06 mmol) were 
dissolved in 5 mL of benzene under nitrogen at room 
temperature. The resulting solution was quickly 
frozen, and then allowed to thaw under 6.9 MPa of ' 
ethylene at 5 0°C. The reaction mixture was agitated 
under these conditions for 18 h affording, a solvent 
swelled polymer. Drying afforded 5 . 8 g of a 
polyethylene as a tough, rubbery material - 

E:x:ample 23 9 

Ethylene polymeriza tion by Pd2(dba)3_ (dba = 
dibenzyli dRn^acetone) / (2 . 6-i-PrPh) ^PmM^y^HBhF (gt2Q l2 . 
A sample of (EtsO) 'HBAF (200 mg, 0.20 mmol) was 
dissolved in 10 mL of EtsO. . To this solution was added 
1 equivalent of DABMes (or other a-diimine) . The 
solution became red. Removal of the volatiles in vacuo 
gave a red solid of the acid-a-diimine complex; 

Pd2(dba)3 (0.054 g, 0.06 mmol) and (2,6-i- 
PrPh) 2DABMe2*HBAF (Et20) 2 (0.076 g, 0.05 mmol) were 
dissolved in 5 mL of benzene under nitrogen at room 
temperature. The resulting solution was agitated under 
6.9 MPa of ethylene at 50°C for 18 h. The product 
mixture was concentrated to dryness in vacuo, affording 
an extremely viscous oil. NMR showed the product to 

be branched polyethylene containing 105 methyl ended 
branches per 1000 methylenes. 

Ey;amplg 24 Q 

Toluene (3 0 mL) , 4 -vinylcyclohexene (15 mL) , and 
20 mg of [ (2 , 6-i-PrPh) 2DABH2]NiBr2 (0.03 mmol) were 
combined in a Schlenk flask under an atmosphere of 
ethylene. A 10 % MAO solution (3 mL) in toluene was 
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added. The resulting purple solution was stirred for 
16 h. After only a few hours, polymer began to 
precipitate and adhere to the walls of the flask. The 
polymerization was cfuenched and the polymer 
precipitated from acetone. The polymer was dried in 
vacuo overnight resulting in 100 mg of a white solid. 
Characterization by proton NMR suggests in corporation 
of 4-vinylcyclohexene as a comonomer. NMR (CDCI3) 5 

5.64 (m, vinyl, cyclohexene) , 2.0-0.9 (overlapping m , 
including cyclohexyl methylene, methylene (PE) , 
methine), 0.78 (methyl, PE) . There are also some minor 
signals in the base line that suggests incorporation of 
the internal olefin (cyclohexene) and free a-olefin (4- 
vinyl) .' 

Epc^mpl^ 241 
The. catalyst . { [ (2 , 6-i- 
PrPh) aDABMesl PdCH2CH2CH2C(0)OCH3}SbF6' (1.703 g, 2 mmol) 
was added to a 1 gal Hastalloy® autoclave. The 
autoclave was sealed, flushed with nitrogen and. then 
charged with 1500 g of SO2 . An over pressure of 3.5 
MPa of ethylene was maintained for 24 hr at 25°C. The 
autoclave was vented to relieve the pressure and the 
contents of the autoclave were transferred to a jar. 
The polymer was taken up in methylene chloride and 
purified by precipitation into excess acetone. The 
precipitated polymer was dried in vacuo to give 2.77 g 
of polymer. The polymer displayed strong bands 
attributable to sulfonyl group in the infrared (film on 
KBr plate) at 1160 and 1330 cm"^. 

Kyample 242 

Copolymer izaton of Ethvlene an d Methyl vinyl 

Ketone 

Methyl vinyl ketone (MVK) was stirred over 
anhydrous K2CO3 and vacuum transferred using a high 
vacuum line to a dry flask containing phenothiazine (50 
ppm) . Ethylene and MVK (5 ml) were copolymerized using 
the procedure of Example 125 using as catalyst {[(2,6- 
i-PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3)SbF6- (0.084 g, 0,10 
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m m 

mmol) to give 0.4 6 g of copolymer (0.38 g after 
correcting for catalyst residue) imR (CDCI3) : 

0.75-0.95 (m, CH3 ) ; 0.95-1.45 (m, CH and CH2) ; 1.55 (m, 
-CH2CH2C(0)CH3) ; 2,15 (s, -CH2CH2C (O) CHs ) ; 2.4 (t, - 
CH2CH2C(0) CH3) . Based on the triplet at 2.15, it 
appeared that much of the ketone functionality was 
located on the ends of the hydrocarbon branches . 
Integration showed that the copolymer contained 2.1 
mole% MVK, and has 94 methyl carbon (exclusive of 
methyl ketones) per 1000 methyl carbon atoms. The 
turnover was 128 equivalents of ethylene and 3 
equivalents of MVK per Pd. GPC (THF, PMMA standard) : = 
Mn=5360, Mw=7470, Mw/Mn=l-39. 

EP^^mplg 243 . 

1-Hexene (20 ml) was polymerized in methylene 
chloride (10 ml) according to example 173 to give 4.22 
g of viscous gel (1002 equivalents 1-hexene per Pd) . 
Integration of the NMR spectrum showed 95 methyl 
carbons per 1000 methylene carbons. ^^C NMR 
quantitative analysis, branching per 1000 CH2 : Total 
methyls (103), Methyl (74.9), Ethyl- (none detected) , 
Propyl (none detected). Butyl (12.4), Amyl (none 
detected) , >Hexyl and end of chains (18.1) , 
Integration of the CH2 peaks due to the structure - 
CH (R) CH2CH (R» ) - , where R is an alkyl group, and R» is 
an alkyl group with two or more carbons showed that in 
74% of these structures, R = Me.. 

Listed below are the. ^^C NMR data upon which the 
above analysis is based. 
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13c NMR data 
TCB, 14 OC, 0.05M CrAcAC 





Intensity 


42.6359 


4 . 05957 


37 . 8987 


9.10141 


37 .2833 


64 . 4719 


36 .8537 


8 . 67514 


35.5381 


4 .48108 


34 .8803 


4 . 30359 


34.5514 


5 . 20522 


34.2755 


21.6482 


33.2411 


4 .13499 


32.9811 


32 . 0944 


31. 9467 


14 . 0714 


30. 7212 


5 . 48503 


30 .2597 


28 . 5961 


30.143 


50.4726 


29.7717 


248 


29.342 


17.4732 


27.5702 


27 . 2867 


27 . 1935 


49 . 5612 


27 . 045 


23.1776 


23.0292 


9.56673 


22.6526 


14.1631 


20.2495 


5.72164 


19 . 7455 


48.8451 


13.9049 


21.5008 



aa for Me 
MB3+ 



& Et"*" brcinches 



MBi 

SBg+z 3EOC 

y+Y+B,3B4 

•y+Y+B,3B4 

Y+Y+B, 3B4 

Y+Y+B,3B4 

Y+Y+B,3B4 

PY for 2 Me breuaches 
Py+B, (4B5, etc.) 



2EOC 



2B4 
2B5+, 
IBi 
IBi 

1Ba+. lEOC 



T^yaynpl^ 244 

1 -Heptane (20 ml) was polymerized in methylene 
chloride (10 ml) according to example 173 to give 1.29 
g of viscous gel (263 equivalents 1-heptene per Pd) . 
integration of the 1h NMR spectrum showed 82 methyl 
carbons per 1000 methylene carbons. NMR 
quantitative analysis, branching per 1000 CH2 : Total 
methyls (85), Methyl (58.5), Ethyl (none detected) , 
Propyl (none detected) . Butyl (none detected) , Amyl 
(14 1) >Hexyl and end of chains (11.1). Integration 
of the CH2 peaks due to the structure -CH (R) CHaCH (R ■ ) - 
where R is an alkyl group, and R- is an alkyl group 
with two or more carbons showed that in 71% of these 
structures, R = Me. DSC (two heats, -150- ->150°C, 
l5°C/min) shows Tg = -42°C and a Tm = 28°C (45 J/g) - 

Listed below are the "c NMR data upon which the 
above analysis is based ; 
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13c NMR 



Freq ppm 

42 .6041 
37.851 
37.5963 
37 .2356 
35.4956 
34.8219 
34 .6097 
34.2278 
33.3418 
32.9228 
32 .2809 
31. 9148 
30.5886 
30 .4613 
30.2173 
30.1059 
29.7292 
29.3049 
27 . 1511 
27 .0025 
26 .7267 
24 .5623 
22 .6207 
20 .2176 
19 . 7084 
13 .8677 



TCB, 120C, 

5.16375 
15.9779 
7 .67322 
99 . 6734 
7 .58713 
6 .32649 
6 .37695 
37 .6181 
3 .78275 
60.7999 
13 .6249 
21.2367 
13 .8482 
22 .1996 
48 .8725 
80 .2189 
496 

216 .4277 
114.228 - 
47 . 5199 
20 .4817 
3 .32234 
36 .4547 
7 . 99554 
70.3654 
36 .1098 



0. 



data 

05M CrAcAc 



aa for Me & Et+ 
aBl 



MB 3^ 
MBi 

3B6+,3EOC 
y+y+B,3B4 
Y+Y+B,3B4 
Y+Y+B, 3B4 
Y+Y+Br 3B4 
Y+Y+B, 3B4 
Y+Y+B, 3B4 
py-^-Bi {4B5,etc.) 



2B5+, 2EOC 

IBi 

IBi 

lB4+,EOC 



1-Tetradecene (20 ml) was polymerized in methylene 
chloride (10 ml) according to example 173 to give 6.11 
g of sticky solid (622 equivalents 1-tetradecene per 
Pd) . integration of the NMR spectrum showed 64 
methyl carbons per 1000 methylene carbons.- NMR 
quantitative analysis, branching per 1000 CH2 : Total 
methyls (66), Methyl (35.2), Ethyl(5.6), Propyl (1.2), 
Butyl (none detected), Amyl (2.1), 

>Hexyl and end of chains (22.8) . Integration of 
the CH2 peaks due to the structure -CH (R) CH^CH (R • ) - , 
where R is an alkyl group, and R' is an alkyl group 
with two or more carbons showed that in 91% of these 
structures, R = Me . The region integrated for the 
structure where both R and R- are >Ethyl was 40.0 ppm 
to 41.9 ppm to avoid including a methine- carbon 
interference . 
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, Listed below are the ^^C NMR data upon which the 

above analysis is based. 

13^ NMR data 



TCB, 12 OC, 0.05M CrAcAc 



F?:eq ppm 










39 .2826 


6.684 








37 .8012 


8 . 13042 


MB3+ 






37.2171 


24 .8352 


aB^, 3B3 






34.1694 


31.5295 


ay+B, (4B4 


/5B5, 


etc. ) 


33 .6809 


13 .0926 


ay+B, (4B4 


,5B5, 


etc. ) 


32 . 9004 


13 .0253 


MBi 






31.9022 


25.0187 


3Bg+, 3EOC 






30.1978 


42.5593 


y+y+B, 3B4 






30.0969 


34 .1982 


y+y+B, 3B4 






29.7252 


248 


y+y+B, 3B4 






29 .3004 


26 .4627 


y+y+B, 3B4 






2 7 . 13 94 


•an Q a Q c 


py+B , 2B2 / 


(4B5, 


etc . ) 


26 . 9748 


40.5922 


Py+B,2B2, 


(4B5, 


etc . ) 


26 . 3642 


7.06865 


Py+B,2B2, 


{4B5, 


etc. ) 


22.6209 


25.5043 


2B5+,2EOC 






19.6952 


15.0868 


IBi 






13 . 8759 


24 . 9075 


IB4+, lEOC 






10. 929 


7.63831 










example 
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This example 


demonstrates 


copolymer i zat ion 


of 



ethylene and 1-octene to give polymer with mostly C6+ 
branches. Under nitrogen, [ (2 , 6-i-PrPh) 2BABH2] NiBr2 
(0.005 g, 0.0084 mmol) and 9 . 6 wt . % MAO in toluene 
(0.50 mL) were dissolved in 10 mL of toluene at room 
temperature. The resulting solution was immediately 
transferred to a 100 mL autoclave that had previously 
been flushed with nitrogen and evacuated. 1-Octene (40 
mL, 2 55 mmol) was then added to the reactor, which was 
subsequently charged with ethylene (320 kPa) . The 
reaction mixture was stirred for 60 min, during which 
time the temperature inside the reactor varied between 
24 and 28°C. Ethylene was then vented, and the product 
polymer was precipitated by addition of the crude 
reaction mixture to 5 0 mL of methanol containing 5 mL 
of concentrated aqueous HCl . The polymer precipitated 
as a slightly viscous oil; this was removed by pipette 
and dried affording 3.03 g of amorphous ethylene/l- 
octene copolymer. Branching per 1000 CH2 was 
quantified by ^^C NMR (C6D3CI3, 25°C) : total Methyls 
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(83.6), Methyl (4), Ethyl(l-6), Propyl (4.4), Butyl 
(5.6), Amyl (10.1), >Hex and end of chains (65.8); 
and end of chains (69.3), and end of chains (73.7) . 

GPC (trichlorobenzene vs. linear polyethylene): Mw = 
48,200, Mn = 17,X)00. DSC: Tg = -63°C. 

F.yqTPP1e 247 

This example demonstrates copolymerization of 
ethylene and 1-octene to give polymer with mostly 
methyl andC6+ branches. Under nitrogen, .[(2,6-i- 
PrPh)2DABH2]NiBr2 (0.005 g, 0.0084 mmol) and 9.6 wt . % 
MAO in toluene (0.50 mL) were dissolved in 40 mL of 
toluene at -40°C. The resulting solution was : 
immediately transferred to a 100 mL autoclave that had 
previously been flushed with nitrogen and evacuated. 
l-Octene do ml., 64 mmol) was then added to the reactor 
under 324 kPa of ethylene. The resulting reaction 
mixture was stirred under 324 kPa of ethylene for 1 h 
10 min. During this time the temperature insxde the 
reactor varied between 29 and 40°C. Ethylene was then 
vented, and the. product polymer was precipitated by 
addition of the crude reaction mixture to methanol. 
The polymer was dried affording 6.45 g of ethylene/1- 
octene copolymer. Branching per 1000 CH2 was 
quantified by l^c NMR (CSD3CI3, 25°C) : Total methyls 
(50 7), Methyl (13.7), Ethyl(2.4), Propyl (3.5), Butyl 
(4 1) , Amyl (1) , ^ex and end of chains (26) , >Am and 
end of chains (30.4) , >Bu and end of chains (31) . GPC 
(trichlorobenzene vs. linear polyethylene) : Mw - 
116, 000. Mn = 9, 570 . 

T?,y:=^TTip1 24 8 

under a nitrogen atmosphere, Ni (COD) 2 (0.017 g, 
0 06 mmol) and (2 , 6-i-PrPh) 2DABMe2 (0-024 g, 0.06 mmol) 
were dissolved in benzene (5.0 mL) . To the resulting 
solution was added HBAF. (Et20) 2 (0.060 g, 0.06 mmol). 
35 The resulting solution was immediately frozen xnsxde a 
40 mL shaker tube glass insert. The glass insert was 
transferred to a shaker tube, and its contents allowed 
to thaw under an ethylene atmosphere . The reactxon 
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fixture was agitated under 6.9 MPa C2H4 for 17.5 h at 
an4>iant temperature. The final reaction ""^"^^ 
contained polyethylene, which was washed «.th methanol 
and dried, yield of polymer - 9.2 g. ^ 
5 ,CDCl.cr>Cl3, 120°C, Showed that this sample 

49 methyl-ended branches per 1000 methylenes. DSC. 
. 118. S^C, AHf - 87,0 J/g. 

under a nitrogen atmosphere, Ni [P (O-2-C6H4- 
in Me)-,1:.(C2H4) (0.047 g, 0.06 mmol) and (2,6-1- 

Tr h B^m:^ (0.024 g, 0.06 ™ol, were dissolved rn 
benzene (5.0 mU . To the resulting solution was added , 
„BAF (Et20)2 (0.060 g, 0.06 mmol,. '^^/"^"^^^^^^ 
solution was immediately frozen insn.de a 40 ^^f" 
,5 tube glass insert. The glass insert was transferred to 
a shaLr tube, and its contents allowed to thaw under 
an ethylene atmosphere. The reaction mixture was 
agitated under 6 . 9 MPa C2H4 for IB h at ambient 
tLperature. The final reaction mixture -""^^^ . 
20 polyethylene, which was washed with methanol 

yield of polymer - S.9 g. NMR (CDCl^CDCl^, 120 C, 

Lowed that this sample contained 47 -^hyl-ended 
branches per 1000 methylenes. DSC= Tm = 112.1 C AHf 
=57.5 J/g. 

^ 100 mL autoclave was charged with a -^l-^^i"" f 
Pd2(dba,3 (dba = dibenzylideneacetone, 
mmol) in 40 mL of chloroform. A solution of (2. 
PrPh,2nABMe2™BAP(Et20,2 (0.085 g, » ' 
30 Example -256) in 10 mL of. chloroform was then added 
Tder 2.1 MPa of ethylene. The reaction mixture was 
stirred for 3 h. During this time the temperature 
inside the reactor varied between 24 and 40 C. 
Ethylene was then vented, and the "product polymer was 
35 precipitated by addition of the crude reaction mixture 
To m thanol. The polymer was dried affording 1. J . of 
viscous polyethylene. NMR (CDCI3, 25 C, of this 

material showed it to be branched polyethylene with 115 
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methyl-ended branches per 1000 methylenes. GPC 
analysis in trichlorobenzene gave Mn = 97,300, Mw = 
225,000 vs. linear polyethylene. 

A 100 no, autoclave was charged with solid Pd(OAc)2 
(ORC - acetate) (0.027 g, 0.12 mmol) and (2,S-i- 
PrPh).DABMe2 (0.049 g. 0.12 M.C1) . The -actor wa. 
flushed with nitrogen and evacuated. A solution of 54 
wt % HBF4VEt20 (0.090 g. 0.60 mmol) in 10 no, of 
chloroform was then added under 2.1 «Pa of ethylene. 
The reaction mixture was stirred for 1.5 h. Dur.ng 
this time, the temp^ature inside the —'-/^"f^^^^ 
between 24 and 37°C. Ethylene was then vented and 
product polymer was precipitated by addition of the 
Lude reaction mixture to methanol. The polymer was 
dried affording 4.00 g of viscous polyethylene 
T^L 25°C) of this material showed it to be branched 
;"ye hylene with 100 methyl-ended branches per 1000 
methylenes. GPC analysis in trichlorobenzene gave Mn - 
30,500. M„ = 43,300 vs. linear polyethylene. 

(„ote, .It is believed that in the following 
experiment, adventitious oxygen was '/"^ 
as a cocatalyst.) Under nitrogen, t <2 . 6-i-PrPh^ DAB 
RnlNKCOD) (0.006 g, 0.009 mmol) and 9.6 wt. . «AO in 

uene (0.54 m., 1.66 mmol) were dissolved n 50 m. of 
toluene. This mixture was then transferred ^° ^ "° 
autoclave. The autoclave was then charged 2^1 MPa 

of ethylene. The reaction mixture was stirred for 
) min During this time, the temperature inside the 
J mill. ^ r-,0/- Pt-hvlene pressure 

reactor varied between 23 and 51 C. Ethylene p 
was then vented. The product polymer was washed wxth 

TeLanol and dried, ^^^^ ^ ^^^^^^^^^^^ 

IH NMR {CDCI2, 120°C) showed that this sampi 
,5 77 methyl-ended branches per 1000 methylenes. 

under nitrogen, [ ,2 , 4 , 6-MePh) DABAnl «iBra <°-"^ 3' 
0.065 mmol) was suspended in cyclopentene (43.95 g, 
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mmol) . TO this was added a 1 M solution of EtAlCls m 
toluene (3.2 mL. 3.2 mmol). . The resulting reaction 
mixture was transferred to an autoclave, and under 700 
kPa of nitrogen heated to 60°C. The reaction mixture 
was stirred at 60°C for 18 h; heating was then 
discontinued. When the reactor temperature had dropped 
to -30°C, the reaction was quenched by addition of 
isopropanoi. The resulting mixture was stirred under ' 
nitrogen for several minutes. The mixture was then 
added under air to a 5 % aqueous HCl solution (200 mL) . 
The precipitated product was filtered off, washed with 
acetone, and dried to afford 6 . 2 g of polycyclopentene ■ 
as a white powder. DSC of this material showed a broad 
melting transition centered at approximately 190 C and 
ending at approximately 250°C; AHf = 18 J/g- Thermal 
gravimetric analysis of this sample showed a weight 
loss starting at 184°C: the sample lost 25% of its 
weight between 184 and 470°C, and the remaining 
material decomposed between 470 and 500°C. 
2Q ^T^'TTII?"' 

under nitrogen, [ (2, 6-Me-4-BrPh) ^DABMesl NiBr^ 
(0 010 g, 0.015 mmol) was suspended in cyclopentene 
(5.0 g, 73.4 mmol) . To this was added a 1 M solution 
of EtAlCl2 in toluene (0.75 mL, 0.75 mmol). The 
resulting reaction mixture was stirred at room 
temperature for 92 h, during which time 
polycyclopentene precipitated. The reaction was then 
quenched by addition of ~5 mL of methanol under 
nitrogen. Several drops of concentrated HCl was then 
added under air. The product was then filtered off, 
washed with more methanol followed by acetone, and 
dried to afford 1.31 g of polycyclopentene as a white 
powder. DSC of this material showed a broad melting 
transition centered at approximately 200°C and ending 
at approximately 250°C; AHf = 49 J/g. Thermal 
gravimetric analysis of this sample showed a weight 
loss starting at ~477°C; the sample completely 
decomposed between 477 and 507°C. 
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under nitrogen, [ (2 , 6 -i-PrPh) .DABMesl NiBr^ (0.008 
g 0.015 mmol) was suspended in cyclopentene (5 00 g, 
73.4 mmol) . To this was added a 1 M solution of 
EtAlCl2 in toluene- (0.75 mL, 0.75 mmol) . A magnetxc 
stirbar was added to the reaction mixture and .t was 
stirred at room temperature; after 92 h at room 
temperature the reaction mixture could no longer be 
stirred due to precipitation of polycyclopentene 
solids At this point the reaction was then quenched 

by addition of -5 mL of methanol under nitrogen^ 
sLeral drops of concentrated HCl was then added under . 
Tir The product was then filtered off, washed w.th 
::.e methaLl followed by acetone, ahd dried to a ford 
2 75 g of polycyclopentene as a white powder. DSC of 
this material showed a broad melting transition 
centered at approximately 19 0°C and ending at 
approximately 25 0°C; AHf = 34 J/g- Thermal gravxmetrxc 
Zlvsis 6f Lis sample showed a weight loss starting 
TsO^C the sample- completely decomposed between 4B0 

and 508°C. 

HBAF (0 776 mmol) was dissolved in 5 ml of EtsO. 

1 ^-F (o 6-i-PrPh)oDABMe2 
A second solution of 0.776 mmol of ,(2,6 x ^^^^^^ ^ ^ 

in 3 ml of Et20 was added. The reaction turned deep 

red-brown immediately. After stirrxng for 2 h the 

Llatiles were removed in vacuo to give the protonated 

a-diimine salt which was a red crystalline solxd. 

F;y?=<mpif^ ^57 

HBF4 (0.5 mmol) was dissolved in 4 ml of Et20. A 
second solution of 0.5 mmol of (2,6 x PrPn, . j 
n.1 of Et20 was added. A color change to deep red 

• «^ T^Vifi -reaction was stirred 
r^r-curred upon mixing. Tne reacuj.^-' 

::::ni.h. The vo^atiles were removed in vacuo .o gxve 
35 to give the protonated a-diimine salt whxoh was an 
orange solid. 



30 



288 





10 



15 



HO3SCF3 (0.5 mmol) was dissolved in 4 ml of Et20. 
^ second solution of 0.5 mmol of (2, 6-i-PrPh) .DABMe xn 
3 ml of Et20 was added. A color change to deep red 
occurred upon mixing after a few minutes an yellow- 
orange precipitate began to form The reaction was 
stirred overnight. The product, believed to be the 
protonated a-diimine salt, was isolated by filtration 
rinsed with.Et20 and dried in vacuo. 

HBAF (0.478 mmol) was dissolved in 5 ml of Et20. 
A second solution of 0.776 mmol of t(2,6-i- I 
PrPh)N=C(CH3)].CH. in 3 ml of Et20 was added. The 
reaction was stirred overnight. Removal of the 
Toratiles in vacuo gave an off white solid, believed to 
be the protonated 1,3-dilmine salt. 

HBF4 (0.478 mmol) was dissolved in 5 ml of EtzO. 



A second solution of 0.478 mmol of [(2,6-x- 
20 PrPh)N=C(CH3)].CH. in 3 ml of Et20 was added , the 

reaction turned cloudy with a white precxpxtate . The 



.aaotion was stirred overnight. The whxte sol.d 
believed to be the protonated 1.3-diin,ine salt, was 
isolated by filtration rinsed with Et20 and dr.ed .n 



25 vacuo . 
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The product of Example 256 (78 mg) was dissolved 
in 20 ml of toluene. The reaction vessel was charged 
with 140 kPa (absolute) of ethylene. A solution of 10 
:; l(COD)2 in 3 ml of toluene was added. Ethylene was 

added (138 kPa pressure, absolute) and the 

addea f ambient temperature. 

polymerization was run for 2* n d 

precipitation with MeOH gave 157 mg of whxte spongy 

polyethylene . 
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The product of Exa^^le 257 (27 mg) was 
in 20 ml of toluene. The reaction vessel was charged 
::tr3:\:a o* ethylene.. . solution of 10 ™S Ni.Com 2 

^^^A T?t-hvlene was added (13B 
in 3 ml of toluene was added. Etnyiene 

kPa pressure, absolute) and the polymerization was run 
7ol 24 h at a^^ient temperature. Precipitation w.t. 
MeOH gave 378 mg of sticky white polyethylene. 

The product of Example 258 (30 mg) was 
in 20 ml !f toluene. The reaction vessel was charged 
•th 140 kPa (absolute) of ethylene. A solution of 10 

With 14 u Kfd \<X3^^ ^j^^ vfhvlene was 

n,g Ni (COD) 2 in 3 ml of toluene was added^ Ethylene 

^ n-^s kPa pressure, absolute) and the 
added (138 kPa pre temperature. 
15 nolymerization was run for n ct 

Ire^pitation with MeOH gave 950 mg of amorphous 

polyethylene. 

TO a burgundy slurry of 1 mmol of VCl,' (THF) 3 in 10 

^^^ri ^ vellow solution of 1 mmol ot 
on ml of THF was added a yeixuw 

20 ml ot irtf . . n THF After 10 minutes 

6-i-PrPh)2DABMe2 in 4 ml of THF. Artex 

: • tirrlng Ihe reaction was a homogenous ' 
The solution was filtered to remove a few solxds, 
concentrated and then cooled to -3°°- J^/^f^^ 

,5 crystals that formed were ^-^"^'^^^^^^".re^Ield was 
rinsed with pentane and dried in vacuo. The y. 

18 5 mg. 

The product of Kxample 264 (S mg) was dissolved .n 
30 20 ml of toluene. The resulting solution was placed 
undlr 140 KPa (absolute) of ethylene. PMAO solution 
^8 mL 9.6 wt% Al in toluene, was added and the . 

iO.a mu, ^- ^ ^ o V, The reaction was- 

polymerization was stirred for 3 h. The rea 

LlHd by the addition ..3hed 
35 precipitated polymer was . , . s8 g of 

with MeOH and dried xn vacuo. The yiex 
white polyethylene. 
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Lanthanlde metal tris-triflates (wherein the 
lanthanide metals were Y. La, Sm, Er, ^^^^ ' \^'"°^[ 

was .lurried in 10 ml of CH.Cl.. A solution ot 1 .^nol 
of (2 6-i-PrPh).DABMe. in 3 ml of CH2CI2 «as added and 
the reaction stirred for 16 h at ambient temperature. 
The solution was filtered to give a clear 
Removal of the solvent in vacuo gave light yellow to 
orange powders. 

Each of the various materials (0.02 mmol) prepared 
in Example 26.6 were- dissolved in 20 ml of toluene. Th. 
resulting solutions were placed under 140 IcPa 
(absolute) of ethylene. «mO-3A solution (10 mL 6.4 

Al in toluene) was added and the polymerrzatxons 
::;e stirred for 3 h. The reactions were halted by the 
addition of 10% HCl/MeOH. The precipitated ^^^^^ 
:L isolated by filtration washed with MeOH and drred 
in vacuo. Polymer yields are shown the following 

20 table, 

InP'^-l"-^" Metal ^^^"i^ 

Yb 
La 

0.137 

Sm 

0.13 9 

25 Y 

0.167 

Er 

1(2 6-i-PrPh),DABMe.)Ni-02 (68 mg) dissolved 
in 20 ml' of toluene. The reaction vessel was placed 
30 uLer 133 KPa (absolute,, of ethylene. PMAO (O.v m., 
9 G wt % Al in toluene) was added and the 
polymerization was conducted for 16 h.. The reactron 
^Is^alted by the addition of 15 ml of 10% HCl/MeOH 
solution. The precipitated polymer was , 
35 filtration and dried under vacuum to yxeld 1.67 g of 
rubbery polyethylene. 
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I(2,6-i-PrPh),DflBMe,)Ni-02 (6S n,g) was dissolved 
in 20 ml o* toluene. The reaction vessel P^^^'^ 
under 13S ^Pa (absolute, of ethylene. PMAO <0.7 n^, 
9 6 wt % Rl in toluene) was added and the 

rubbery polyethylene. 

t(2.6-i-PrPh,,DRB«e,)CrCl, (THF, (15 mg) was ; 
dissolved in 20 .1 o£ toluene. The reaction v-s^l was 
placed under 13S >cPa (absolute, of ethylene^ M«AO 
,^ M ,„T 6 4 wt % Al in toluene) was added and the 
" ; i::er LaJon was conducted for 3 h. reaction was 

LlHd by the addition of XS .1 of 10% HCl/«eO„ 
solution. The precipitated polymer was isolated by 
filtration and dried under vacuum to yield 694 mg o 
filtration 10°C/min) results 

polyethylene. DSC (150 ^ 
from the second heating were Tm,129 C- 

C(2 6-i-PrPh).DABMe,lCrCl3 (14 mg) was dissolved 
in 20 ml of toluene. The reaction vessel P^-^ 
^Ider 13S .pa (absolute, of ethylene. MMR0-3A (1 m^, 
c A wv. s- Al in toluene, was added and the 
"lylerlzation was conducted for 3 h. The reaction was 
Taired by the addition of 15 ml of 10. HCl/„eOH 
solution. The precipitated polymer "^^^ 
^r.A rf^ied under vacuum to yield 83 3 mg or 
30 filtration and ^-^^ ^ ,,oc/min) results 

polyethylene. DSC ( 150 t AHf21lJ/g- 
from the second heating were Tm 133 C, f . 

t(2,e-i-PrPh).D^Me.lCrCl. (THP) J- ^ _ 

35 dissolved in 20 ml of toluene. l^TZ 
placed under 138 kPa (absolute) of ethylene^ 
n mL 6 4 wt % Al in toluene) was added and the 
(1 mL, 6.4 wt.o reaction was 

polymerization was conducted for 3 h. The r 
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halted by the addition of 15 ml of 10% HCl/MeOH 
solution. The precipitated polymer was isolated by 
filtration and dried under vacuum to ,yield 316 mg of 
polyethylene. DSC results from the second heating were 
(-150 to 250OC at IQOC/min) Tm 1330C, AHf 107 J/g. 

F.y^^mple 273 

[ {2 , 6-i-PrPh) sDABMes] CrCl3 (15 mg) was dissolved 
in 20 ml of toluene. The reaction vessel was placed 
under 138 kPa (absolute) of ethylene. MMA0-3A (1 mL, 
6.4 wt . % Al in toluene) was added and the 
polymerization was conducted for 3 h. The reaction was 
halted by the addition of 15 ml of 10% HCl/MeOH ■ 
solution. ' The precipitated polymer was isolated by 
filtration and dried under vacuum to yield 605 mg of 
polyethylene. DSC (-150 to 250Oc at lO^c/min) results 
from the second heating were T^ 134^C, AHf 157 J/g. 

Kxam ple 274 

A 61 mg sample of { [ (2 , 6-i-PrPh) aDABAn] Ni (ti^- 
H2CCHCHCI) ] BAF was dissolved in 20 ml of toluene. The 
reaction vessel was placed under 138 kPa (absolute) of 
ethylene. PMAO (0.7 mL) was added and the reaction 
stirred for 16 h. The polymerization was quenched by 
the addition of 15 ml of 10% HCl/MeOH, The polymer was 
isolated by filtration, washed with acetone and dried. 
The yield was 2.24 g of rubbery polyethylene. 

F.vample 2 75 

A 65 mg sample of { [ (2 , 4 , 6-MePh) sDABAn] Ni (n'- 
HsCCHCHCl ) ] BAF was dissolved in 20 ml of toluene. The 
reaction vessel was placed under 138 kPa (absolute) of 
ethylene. PMAO (0.7 mL) .was added and the reaction 
stirred for 16 h. The polymerization was quenched by 
the addition of 15 ml of 10% HCl/MeOH. The polymer was 
isolated by filtration, washed with acetone and dried. 
The yield was 2 . 0 g of rubbery polyethylene. 

T^-y^^pT^- 2 76 

A 61 mg sample of { [ (2 , 6-iPrPh) aDABAn] Ni (t|^- 
H2CCHCH2) }C1 was dissolved in 20 ml of toluene. The 
reaction vessel was placed under 138 kPa (absolute) of 
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ethylene. PMRO (0.7 mL) was added and the reaction 
stirrld for 16 h. The polymerization was quenched by 

hi addition Of X3 ™I of 10. HCl/«eO„. The PO^V^e^— 
isolated by filtration, washed with acetone and dried. 
5 The yield was 1.83 g of rubbery polyethylene. 

F-H-qmpI 277 ^ 
A 60 mg sample of ( H2, 6-iPrPh) .DM«e=l Hi (D - 
HCCHCH,))C1 was dissolved in 20 ml of toluene. The 
rla" vessel was placed under 13S ^Pa (absolute, of 
,0 ethylene. PMAO (0.7 m^> was added and the reaction 

stirred for 16 h. The polymerization was quenched by 
Th addition of 15 ml Of iCHCl/MeOH. The POiVm" was; 
isolated by filtration, washed with acetone and dried. 
The yield was 1.14 g of rubbery polyethylene. 
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[{2 6-i-PrPh)2DAB(4-F-Ph)2]NiBr2 
in a 250-m'L RB flask fitted with pressure 
equalizing addition funnel, thermometer, --^^^^^^ 
stirrer, and .2 inlet was placed 0.75g (3-Ommol) pf 
4 4'-difluorobenzil, 13 . 8mL (SOmmol) of 2.6- 

. ■^^r.^ (DTPA) and 10 OmL dry benzene. In 
diisopropylanxline (DlPA) , an benzene and 

.he addition funnel was placed 50mL of dry ^--^^ 
..Om. O.Sg; XSmmol) of titanium ^^^^^^^^f 
reaction flask was cooled to 2°C with xce and ^^e J^^^^ 
soxution was added dropwise over 4Bmin, -^P-- 
reaction temperature below S^C. J^^^^ 
removed after addition was complete and the m 
stirred at RT for 72h. The reaction mixture was 
partitioned between water and ethyl ether, and the ^ 
ether phase was rotovapped and the concentrated oxl was 
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washed with SOOmL IN HCl to remove the excess 
diisopropylaniline. The mixture was extracted with 
lOOmL of ether, and the ether layer was washed with 
water and rotovapped. Addition of 15mL hexane plus 
30mL of methanol to the concentrate resulted in the 
formation of fine yellow crystals which were filtered, 
methanol -washed, and dried under suction to yield .0.4g 
of (2,6-i-PrPh)2DAB(4-F-Ph)2, mp = 155-158°C. 

A 60-mg (0.092-mmol) sample of (2 , 6-i-PrPh) 2DAB (4- 
F-Ph)2 was stirred under nitrogen with 32mg 
(0 103mmol) of nickel (II) dibromide-dimethoxyethane 
complex in 20mL of methylene chloride for 66h. The 
orange-brown solution was rotovapped and held under, 
high vacuum for 2h to yield 86mg of red-brown solids. 
The solid product was scraped from the sides of the 
flask, stirred with 20mL hexane, and allowed to settle. 
The yellow-orange hexane solution was pipetted off and 
the remaining solid was held under high vacuum to yxeld 
48mg of the orange-brown complex [ (2 , 6-i-PrPh) 2DAB (4-F- 

Ph)2]NiBr2- 

Kyqipple 279 

Ethylene polymerization with [ (2 , 6-i-PrPh) 2DAB (4-F- 

Ph)2]NiBr2 

A 26-mg (0.033-mmol) sample of [(2,6-i- 
PrPh)2DAB(4-F-Ph)2lNiBr2 was magnetically stirred under 
nitrogen in a 50 -mL Schlenk flask with 25mL of dry 
toluene . Then 0 . 6mL of polymethylalumoxane was 
injected, turning the orange-brown solution to a deep 
green- black solution. The mixture was pressurized 
immediately with ethylene to 152 kPa (absolute) and 
stirred at RT for 17h. The reaction soon became warm 
to the touch; this heat evolution persisted for over an 
hour and the liquid volume in the Schlenk flask was 
observed to be slowly increasing. After 17h, the 
reaction was still dark green-brown, but thicker and 
significantly (20%) increased in volume. The ethylene 
was vented; the offgas contained about 3% butenes (1- 
butene, 1.9%; t-2-butene, 0.6%; c-2-butene, 0.9%) by GC 
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(30-m Quadrex GSQ Megabore column.; 50-250-0 at 10° 
/min) The toluene solution was stirred wxth 6N 
HCl/methanol and was separated; the toluene was 
rotovapped and held under high vacuum to yxeld 9.53g 
low-melting polyethylene wax. There seemed to be 
significant low-boiling species present, probably low- 
xnw ethylene oligomers, which continued to boxl off 

iH NMR (CDCI3; eO'C) of the product 
under high vacuum. NMR (CDCI3, . 

showed a CH2:CH3 ratio of 206:17, wh.ch xs 57 CH3 s per 
1000 CH2's- There were vinyl peaks at 5-5.8ppm; xf the 
end groups are considered to be vinyls rather than 
internal olefins, the degree of polymerization was 
about 34. 

^.y^'TPpi^ 280 
synthesis of [ (2-CF3Ph) 2DABMe2] NiBra 
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N 

^ NiBr2 
N' 



[ {2-CF3Ph) 2DABMe2]NiBr2 
a mixture of 10.2n,L (13. Ig; 81.2mmol) 2- 
amincbenzo«i£luoride and 3.6.L (3.5g,. 41mn,ol) freshly- 
di.tilled 2,3-butanedione in 15m. .athanol contaxn.ng e 
drops of 98% formic acid was stirred at 35°C under 
nitrogen for 8 days. The reaction mixture was 
rotovapped and the resultant crystalline solxds 1 3g) 
were washed with carbon tetrachloride. The crystals 
were dissolved in chloroform, the solution was passed 
through a short alumina column and evaporated to yield 
1 og of yellow crystals of the diimine (2- 
CP3Ph,2n^Me.. IH NMR analysis (CBCI3. . 2^12ppm 
30 SH, CH3,,. ..77 (d. 2H. ArH. J' ° 

J.7HZ); 7.53(t, 2H. ArH, J-7Hz) ; 7.68 (t, 2H, ArH. ■ 
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J.8HZ). infrared spectrum: 1706, 1651, 1603, 1S79, 

\ mixture of 0.2073 ,0.56mmol) of ,2-CF3Ph. .DABMe. 
and 0.202g (0.65mmol) of niclceKlD "^^f """^ . , ^^.^^ 
dimethoxyethane complex in 13m. of "-^^1--"^^°^^*^= 
was stirred at RT under nitrogen for 3hr. The red 
brovm suspension was rotovapped and held under high 
vlc™m to yield 0.3g of C (2-CF,Ph) .DABMe.) NiBr. complex. 

Ethylene polymerization with [ (2-CF,Ph) zDABMe^l NiBr, 
A 13-mg (0.022-mmol) sample of t(2- 
CF,Ph)2DABMe2lNiBr, was placed in a Parr® 600-mL ; 
"irred autoclave,- 200^ of dry, deaerated hexane 
stirrea a sieves) was added and the hexane 

(dried over molecular sieves; 

was saturated with ethylene by pressur.z.ng to 450 
(absolute) ethylene and venting. Then l.OmI, of 
.edified methylalumoxane (1.7M in heptane; contains 
about 30% isobutyl groups) was injected f ^ 

autoclave with stirring, and the autoclave J^^^"^ 
<=„^ ihr under 690 kpa (absolute) ethylene as the 
for Ihr unaer over -the first 20mxn 

temperature rose from 20 C " " ^ . 
and then slowly declined to 48 C by the ena 
The ethylene was vented and 3mL of methanol was 
injected to stop polymerization; the autoclave 
contained a white suspension of fine f 
polyethylene; the appearance was li.ce latex paint, 
poller suspension was added to methanol, 

polymer ^^^^ 

The suspension was tixcerea 

• o*; no of fine, white powdery 
T (75°C) to yield 26. Bg ox j-j-i^^/ 

polyethylene Differential scanning calorimetry (IS 
C/min) = Tg -45-C; mp 117°C (75J/g) - GPC 
(trichlorobenzene, 135-C, polystyrene, reference, 
Results calculated as polyethylene using universal 
results c V Mm 7 -^SO- Mw=8,640; Mz=24,400; 

35 calibration theory) : Mn=2 350, Mw 8^ ^^lorobenzene 
Mw/Mn=3.67. A solution of the polymer in chlo 
cluld be cast into a waxy film with little strength. 
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vrwrnn^ (0 017 g, 0.062 mmol) and 
Under nitrogen, Ni(COD)2 10. ux/ g, „,„-.„ed 
r^Tvo^vr, (n 026 a 0.062 mmol) were dissolved 
o 4 6 -MePh) 2DABAn (O.o^o 9/ 

n't 00 , o. cycxopentene .o give a pu3:ple solu..on. 

5 The solution was then. exposed to air (oxygen) for 

le^erti seconds. The resulting dar. red-brown solution 
Tas then put bac. under nitrogen, and .t^CX. ,1 M 
solution in toluene, 3.0 nO,. 3.0 ^ol added^ A 
cranberry-red solution forced instantly. The reactx 

,0 fixture was stirred at roo™ 

-ch ti.e --rdrr^^tr :r:ethLoi . 

rori:::^rs verar::^ o/concentratedHCl. The 

Teacti- ^""^ :rrr: T/g': 

„ashed With methanol --^;;;^«rr ^re^l 

polycyclopentene ^ - °ff-«^-^-^ ^ ^^^^^^ 

gravimetric analysis of this samp , „f its 

!oss starting at 14l'C: the sample lost XS< o£ its 
weight between 14X and 470°C. and ">e "-ining 
20 material decomposed between 470 and 496 C. 

under a nitrogen atmosphere, Ni(COD). 3' 
0.0. I!l) and the ligand shown below -O-- J- 
mmol, were dissolved in ben.ene (5.0 mx. . To the 
resulting solution was added \2e:TJiy 
0.06 mmol). The resulting solution was --^"-^^ 
frozen inside a 40 ml, shaker tube glass insert. The 

l!!! insert was transferred to a shaker tube, and its 
: rtLrriowed to tha„ under an -^V-^;— 
..e reaction mixture was. agitated unde . MPa c.^^ 
for 18 h at ambient temperature. The rxn 
"xture contained polyethylene, which was washed wxth 
methanol and dried; yield of polymer = H-O g- 
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The catalyst {[(2,6-i- 
PrPh).DABMe.].PdCH,CH.CH.C(0)0CH3}^SbF.- (0.025g, 0.03 
mtnol) and CH.=CH (CH,) sC.oF.. (4.74g, 7.52 mmol) were 
dissolved in 20 mL.CH.Cl. in a Schlenk flask in a 
drybox. The flask was connected to a Schlenk Ixne and ■ 
the flask was then briefly evacuated and refilled w.th 
ethylene from the Schlenk line. This was starred at- RT 
under 1 attn of ethylene for 72 hr. Solvent was 
evaporated to almost dryness. Acetone (70 mL) was 
added and the mixture was stirred vigorously overnxght . 
The upper layer was decanted. The resulting yellow 
solid was washed with 3x15 mL acetone, vacuum drxed, 
and 1.15g of product' was obtained. NMR analysis 

(CD,C1.) : 105 methyls per 1000 methylene carbons. 

. ^ ^v,^ -intearal of the CH2Rf(2.10 ppm) with 

Comparison of the xntegrax oi 2 r 

the integrals of methyls (0.8-1.0 ppm) and 
n^ethylenes (1.2-1.4 ppm) indicated a comonomer content 
of 6.9 mol%. The polymer exhibited a glass transxtxon 
temperature of -550C(13J/g) and a melting poxnt of 57 
by differential scanning calorimetry. Gel permeatxon 
chromatography (THF, polystyrene standard) : Mw = 
39,500, Mn = 34,400, P/D = 1.15. 

In a 100 mL Schlenk flask, [(2,6-i- 
PrPh) 3DABAn] NiBr, (0.012g, 0.017mmol) and .. 
CH.=CH(CH.).C.oF3. (4-62g, 7.33 mmol) Were dissolved xn 
32 mL of toluene under stirring. This was ---^ 
with 1 atm ethylene and was allowed to stir at 0 C for 
X5 minutes. MAO (1-7 mL, 8.9 wt% in toluene) was 
added This was allowed to vigorously stxr at RT tor 
30 min. Sixty mL methanol was then added. The whxte 
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solid was filtered, followed by 3x30 ml 3.1 
.ethanol/toluene wash, vacuum dried, and 3.24g of wh.ta 
polymer- was obtained. 'h NMR analysis (o- 
dichlorobenzene-d.,135 "O : 64 methyls per 1000 
methylene carbons. Comparison of the ^"tegral of the 
CHR, (2 37ppm) with the integrals of methyls (1.1-1.2 

cLtent of S.rmol%. «w - 261,157, Mn . 68.525. P/D - 
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In a 100 mL Schlenk flask. ((2.6-i 
PrPh) ,DAEAnl NiBr. (0-.012g, 0.017mmol) and , ^ .„ ' 

CH.=C^(CH.,.C„.„ (4.62g. 7.33 mmol, were ^--^-'^ - 
32 mL o£ toluene under stirring. Thxs was allowed to 
stir at 0 V for 15 miWes. MAO (1.7 mL. 8.9 wt. .n 
toluene) was added. This was allowed tostrr at 0 C 
for 2 5 h and then RT for 3 h. Methanol (200 mL) was 
then added, followed by 1 mL cone. HCl . The white 
solid was filtered and washed with methanol, vacuum 
dried, and 0.7.g of white solid polymer "^^^-f ' 

By differential scanning calorimetry, Tm 85C(22J/g). 

FlTrinir"''' 

(1(2 6-i-PrPh).DABMe,]PdCH,CH,CHaC(0)0CH,)'SbF. 
(0 0205g,'o.024 mmol) and CH,-CH (CH,) . (CF.) .O (CF.) ,SO,F 
3'sg, 7.26 mmol) were dissolved in 18 mL CH^Cl, .n a 
schlenlc flask in a drybox. The flask was connected to 
a schlenk line and the flask was then briefly evacuated 
and refilled with ethylene from the Schlenk J''^^ 
was stirred at RT under X atm of ethylene for 72 hr^ 
solvent was evaporated after filtration. The v.scous 
oil was dissolved in 10 mL CH.Cl,, followed by ^^^^^-^ 
of 100 mL methanol. The upper layer was decanted. The 
reverse precipitation was repeated two more time 
followed by vacuum drying to yield 3 .68g of a Irght 
yellow viscous oil. 'H NMR analysis (CDCl.) . 89 
methyls per 1000 methylene carbons. Comparxson of the 
Integral of the CH.CF.- (2.02 ppm) with the integrals 
of methyls(0. 8-1.0 PPm) and methylenes (1 . 1-1 ■ 4 Ppm) 
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indicated a comonomer content of 8 . 5 mol% . "f NMR 
(CDCI3): 45.27 ppm, -SO2F; -82.56 ppm, -83.66 pptn, - 
112.82 ppm, -115.34 ppm, -124.45 ppm, -125.85 ppm, CF, 
peaks. The polymer exhibited a glass transition 
5 temperature of -57 °C by differential scanning 

calorimetry. Gel permeation chromatography (THE, 
polystyrene standard): Mw = 120,000, Mn = 78,900, P/D 
=1.54. The turnover numbers for ethylene and the 
comonomer are 2098 and 195, respectively. 
jQ T^yample 288 

In a 100 mL Schlenk flask, [(2,6-i- 
PrPh) jDABAn] NiBr2 {0-.017g, 0.024 mmol) and 
CH,=CH(CH,)4(CF,).0(CF.).S0,F (5.0g, 10 mmol) were 
dissolved in 25 mL of toluene under stirring. MAO 
(2 3 mL,- 8.9 wt% in toluene) was added. This was 
allowed to stir at RT for 15 hr. .. Sixty mL methanol was 
then added, followed by 1 mL cone. HCl . The upper 
layer was decanted, residue washed with methanol (5x5 
mL), vacuum dried, and 1.20g of a white viscous oil was 
obtained. "fNMR (Hexaf luorobenzene , 80 °C) : 45.20 
ppm, -SO2F; -81.99 ppm, -82.97 ppm, -112.00 ppm, - 
114.36 ppm, -123.60 ppm, -124.88 ppm,. CF, peaks. 

Fy^mr"'^ 239 

in a schlenk flask, [ (2 , 6-i-PrPh) .DABAn] NiBr. 
25 (0 012g, 0.017mmol) and CH,=CH (CH,) 4 (CF^) 4O (CF^) ^SO^F 

(3 26g, 6.77mmol) were dissolved in 35 mL of toluene 
under stirring. This was pressured with 1 atm ethylene 
and was allowed to stir at 0°C for 15 minutes. MAO 
(1.7 mL, 8.9 wt% in toluene) was added. This was 
30 ■ allowed to vigorously stir at RT for 45 minutes. 

Methanol (140 mL) was then added, followed by addition 
of 1 mL of cone. HCl. The white solid was filtered, 
followed by methanol wash, vacuum dried to obtain 2.76g 
of a white rubbery polymer. NMR analysis (o- 

35 dichlorobenzene-d„ 100 °C) : 98 methyls per 1000 

methylene carbons . Comparison of the integral of the - 
CH2CF,- (2.02 ppm) with the integrals of methyls (0.8- 
1.0 ppm) and methylenes (1.1-1-4 ppm) indicated a 
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comonomer content of 3 . 5 mol% . "f NMR ( (0- 
dichlorobenzene-d,) : 45.19 ppm, -SO,F; -82.70 ppm, - 
83.72 ppm, -112.96 ppm, -115.09 ppm, -124.37 ppm, - 
125.83 ppm, CF, peaks. The polymer exhibited Tm of 
97°C by differential scanning calorimetry. Mw - 
156,000, -Mn = 90,000, P/D = 1.73. 

{ [ (2,6-i-PrPh)2DABMe2] PdCH2CH2CH2C(O)OCH3}*SbE6■ 
(0 030g. 0.035 mmol) and CH2=CH (CH^) 4 (CF^) ^CO^Et (3.0g, 
11.7 mmol) were dissolved in 20 mL CH^Cl^ in a Schlenk 
flask in a drybox. The flask was connected to a 
schlenk line and the flask was then briefly evacuated : 
and refilled with ethylene from the Schlenk line. Thxs 
was stirred at RT under 1 atm of ethylene for 72 h. 
solvent was evaporated. The viscous oil was dissolved 
in 10 mL acetone, followed by addition of 60 mL 
methanol. The mixture was centrifuged. The upper 
layer was decanted. The oil was dissolved in 10 mL 
acetone followed by addition of 60 mL methanol. The 
mixture was centrifuged again. The viscous oxl was 
collected, and vacuum dried to obtain l.50g of a Ixght 
yellow viscous oil. NMR analysis (CDCI3) : 67 

methyls per 1000 methylene carbons. Comparison of the 
integral of the CH^CF^- (2.02 ppm) with the integrals 
of methyls (0.8-1.0 ppm) and methylenes (1 . 1-1 .4 ppm) 
indicated a comonomer content of 11 mol%. The polymer 
exhibited a Tg of -61°C by DSC. GPC (THF, polystyrene 
•standard): Mw = 73,800, Mn = 50,500, P/D = 1.46. 

^T^f^mT?"' «^ 2 91 

in a schlenk flask,. [ (2 , 6-i-PrPh) ^DABAn] NiBr^ 
(0 019g 0.026 mmol) and CH2=CH (CH^) 4 (CF^) .CO^Et (3.0g, 
11.7 mmol) were dissolved in 35 mL of toluene. This 
was placed under 1 atm of ethylene at 0°C for 15 
minutes. MAO (2.6 mL, 8.9 wt% in toluene) was added. 
This was allowed to vigorously stir at 0 C for 30 
minutes. Methanol (120 mL) was then added, followed by 
1 mL cone. HCl . The solid was filtered, washed with 
methanol and hexane, and vacuum dried to yield 1.21g of 
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a white rubbery solid. NMR analysis (TCE-d„ 110 C) : 

comparison of the integral of the CH.CF,- (2.06 ppm) 
with the integrals of methyls (0 . 8-1 . 0 ppm) and 
methylenes (1.1-1.4 ppm) indicated a comonomer content 
of 6.0 mol%. The polymer exhibited a Tg of -46 C and 
Tm's at 40°C and 82°C by DSC. 

F.y^mplg 292 

in a Schlenk flask, [ (2 , 6 -i-PrPh) ^DABAn] NiBr^ 
(0.022g, 0.030 mmol) and CH2=CH (CH^) ^ (CF^) ^COjEt (3.5g, 
13 7 mmol) were dissolved in 30 mL of toluene. This 
was placed under nitrogen at 0°C for 15 minutes. MAO 
(3 0 mL, 8.9 wt% in" toluene) was added. This was : 
allowed to. stir at 0°C f or 2 . 5 h and then RT for 6 h. 
Fifty mL methanol was then added, followed by 1 mL 
cone. HCl. The mixture was washed with 3x6 0 mL water. 
The organic layer was isolated and dried by using 
Na.SO.. Evaporation of toluene and addition of hexane 
resulted in precipitation of an oil. The oil was 
washed with hexane another two times, and vacuum dried 
to yield 0.16g of a yellow oil. Mw = 35,600, Mn = 
14,400., P/D = 2.47. 

TT^ai^pIp 2 93 

{ [ (2 , 6-i-PrPh) aDABMea] PdCHjCHaCHsC (O) OCHsj^SbFe' 
(0.0848g,'o.l mmol) and CH2=CH (CH^) 4 (CF^) (CF^) ^SO^F 
(11 5g, 0.03 mol) were dissolved in 72 mL CH^Cl^ in a 
schlenk flask in a drybox. The flask. was connected to 
a schlenk line and the flask was then briefly evacuated 
and refilled with ethylene from the Schlenk line. This 
was stirred at RT under 1 atm of ethylene for 72 hr. 
The solution was filtered through Celite and then , 
concentrated to 70 mL . Methanol (400 mL) was added 
under stirring. The upper layer was decanted. The oxl 
was redissolved in 70 mL CH.Cl. followed by addition of 
350 mL methanol. The viscous oil was collected, vacuum 
dried and 24. Ig of a light yellow viscous oil was 
obtained. NMR analysis (CDCI3) : 113 methyls per 

1000 methylene carbons. Comparison of the integral of 
the CH2CF2- (2.0 ppm) with the integrals of 
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methyls (0.8-1.0 ppm) and methylenes (1 - 1-1 .4 ppm) 
indicated a comonomer content of 2 . 9 mol% . The. polymer 
exhibited a Tg of -66°C by DSC. GPC (THF, polystyrene 
standard): Mw = 186,000, Mn = 90,500, P/D = 2.06. 
The turnover numbers for ethylene and the comonomer are 
6,122 and 183, respectively. 

T^yp.mT;,1 294-300 
All of these Examples were done under 1 atm 
ethylene with a MA concentration of 1 . 2M and 
{[(diimine)PdMe(Et20)]*SbFe-) concentration of 0.0022W 
at RT for 72 hr. Results are shown in the Table below. 

EX. Diimine , MA(mol%)* Mn P/D 

,o . • 6 12,300 1.8 

294 (2,6-1- ^ 

PrPh)2DABMe2 ^ .-jn 19 

295 (2,6-EtPh)2DABMe2 16 7,430 • 

y, e: ?3 2 , 84 0 • ^ 

296 (2,4,6- -^-^ 

MePh)2DABMe2 

297 (2,4,6-MePh)2DABAn 37 1.390 ^ ^ 

298 (2,4, 6-MePh)2DABH2 46 l,uyu 

299 (2-i-PrPh)2DABMe2 17 ^^'^ 

300 (2-MePh) 2DABMe2 29 320 

* In the polymer ^ 
** Mn characterized by H NMR. 

^if='mr"'^ 3 01 

{ [ (2,6-EtPh)2DABMe2]PdCH3(Et20) VShFi (0.0778g, 
0.10 mmol) and methyl acrylate (4.78g, 0.056 mol) were 
dissolved in 40 mL CH2CI2 in a Schlenk flask m a 
drybox. The flask was connected to a Schlenk line and 
the flask was then briefly evacuated and refilled with 
ethylene from the Schlenk line. This was stirred at RT 
under l atm of ethylene for 72 h. The mixture was 
filtered through silica gel, solvent was evaporated . and 
then vacuum dried, and 1 . 92g light of a yellow viscous 
oil was obtained. NMR analysis {CDCI3) :. 69 methyls 

per 1000 methylene carbons. Comparison of the integral 
of the methyl on the ester groups (2.3 ppm) with the 
integrals of carbon chain methyls (0 . 8-1 . 0 ppm) and 
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™ethylenas,l.l-1.4 pp-n, indicated a 

of 16 mol%. The polymer exhibited a Tg of -68 C by 
OSC. GPC (THF, polystyrene standard): Mw - 14.300, Hn 
. 7,430, P/D - 1.93. 

IU2 6 - i - PrPh) ,DBBMe,l PdCH,CH,CH,C (O) OCH3 ) 'SbF, 
,0 254g 0.30 mmol) and CH,.CHCO.CH. (CF,) .CF,. (90. 2g 

.0 lol, were dissolved in ISO ^ CH,C1. in a «as. .n 
the drybox. The flaslc was connected to a ^f^-'^^"^ 

I IZ flask was then briefly evacuated and refxHed 
:ith fthylefe fro™ the Schlen. line. This was stirred 
a «T unLr 1 at. of ethylene for .4 h. The solution ^ 
at Rl unaei ,.v.„„i resulted formation of 

was decanted to 1200 mL methanol, results 

oil at the bottom of the flask. The upper l^Y^"^ 
d anted, oil dissolved ih 150 m. CH,C1., followed by 
addition of 1200 m^ of methanol. The ^^^^^ ^^Z^T^ 
decanted, oil dissolved in 600 m^ hexane ^^^^^^^ 
through celite®. Solvent was evaporated, and then 
vacuum dried, yielding 54. 7g of a — ^^^^^^ 
analysis (cncl,, : 99 methyls per. 1000 -J^^^;- _ 
carbons. Comparison of the integral of 
(4 56 ppm) with the integrals of methyls (0 . 8-1 . 0 ppm) 
(4.56 pp indicated a comonomer 

and methylenes (1.1 1.4 PP' ...j , Ta of - 

content of 5.5 mol% . The polymer exhibited a Tg 
49V by DSC. Mw . 131,000, Mn - 81,800. 

p^=>T|ip1 p, 3 03, 

, n 2 , 6 - i - PrPh) ,DABMe.) PdCH,CH,CH.C (O) OCH, ) *SbF. 
,0 I69g 0.20 mmol) and p-hydroxyethyl acrylate (6.67g, 

(O.ibyg, ^-^^ r-u ri in a flask m 

0 057 mol) were dissolved xn 40 mL CH.Cl. xn a 

at RT under 1 atm of ethylene for 45 n. 

The residue was dissolved in 100 mL 
evaporated. ^^"^^^ ^0 0 mL methanol . Upon 

35 hexane, followed by addxtxon of 4 

standing overnight, a second upper ^^■'^l'^^ ,ollo..a 
decanted. The oil was dissolved xn 60 ^J^' ^ 
. by addition of 300 mL water. The upper layer was 
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.^a The residue was dissolved in 100 mL 1:1 
decanted. me ires.i^" r^^iit-**® The 

T>Ti^ was filtered through Celite^s*. 
CHjCla/hexane . This was ri , . , 6 13a of a • 

solvent was evaporated, vacuum drxed and 6 13g o 
light yellow oil was obtained. NMR analysis 

(CD CI.) ■ 142 methyls per 1000 methylene carbons. 

■ of the integral of the CH.CO.- (2.30 ppm) 

Comparison or tne im-ey-i- 

- t:-rr.r ."^l::: .... 

methylenes (1.1 1-4 PP' ^7900 P/D=1.40. 

of 2.6 mol%. Mw = 53,100, Mn = 37,900, P/ 

0.C58 .01) were dissolved in 40 " 

J w„„ The flask was connected to a scnienn. 
the drybox. The fla ^^^^^.^ed and refilled 

15 and the flask was then b'^i^^^y stirred 
with ethylene fro. the l^^^^f ]^^'^ J solvent was 
at RT under 1 atm of ethylene for 72 h_ 
evaporated. Eighty ^ methanol was ^ ^ 

followed by 250 mL water. The upper y 

7 7:. "hrreverse precipitation was repeated 
was decanted. The r ^^^^^^^ ^^.^^^ 

one more time. The oil „hfained 'h NMR 

1 la of a light yellow oil was obtained. 

anallis .C.Cl. "^f Trrc^- 

3 r2r:p.Ttr re\:urairor.ethy^ -> 

^ ::d^:efJenesU.l-l.. PP- ^ . 

content of 6 . 5 mol% . Mw = 39,200, Mn 

1.38. 

r(9 4 6-MePh)2DABAn]NiBr2 was weighed 
-in The complex [ (2 , 4 , b- i let-n; 2 

into a glass vial in the -^-^-^ 

\ Ts/:r"rsri:t:on"of'L.o u.o ^obei «m.o- 
r::d:ri:r:u.v--ino.ane. iso^^^^^^^^^^ 

" r: r;inn re:raiTo ::rva"irt:.:r /onowmg 

I^^itiL-of the ««.0, - -rrsridr^errtarted 
After stirring for several hours, son 
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to precipitate. After stirring for 46 hours, the 
solution was filtered and the solids were "^^^ed 
several ti.es on the filter with pentane. The poller 
was dried in vacuo for 12 hours at roo. 
5 yield 6. S6g polymer OSBturnovers/Ni). -^^^^^l^J 
Ls pressed at 292-C to give a transparent, light gray, 
tough film. DSC (25 to 300"c, IS-C/nin --"^ h^^^; 

, o^n°c Tm (end) = 285 iC, Heat. 

Ta = 104°C, Tm (onset) = 210 t,, nn vc / , 

. of fusion = 14 J/g- X-ray powder diffraction shows 
10 peaks at d-spacings 5.12, 4.60. 4.20, 3.67, and 2.22. 
iH NMR (500 MHZ, 155°C, d4-o-dichlorobenzene , 
referenced to downfield peak of solvent = 7.280 ppm) : : 
0 923 (bs, 1.0 H, -CHCH2CH-); 1.332 (bs, 2.0 H - 
CHCH.CEaCH-); 1-759 (bs, 4.0 H, -CHCH.CE.CH- and - 
CHCH CH.CE-); 1.347 (bs, 1.0 H, -™-) . The 
assignments are based upon relative integrals and H 
13C correlations determined by 2D NMR. Thxs spectrum 
is consistent with an addition polymer with cxs-1,3 - 
enchainment of the cyclopentene . 

?;7r?='inpi <^ 3 0^ 
cyclopentene was polymerized by [(2,4,6- 

MePh) .D^Me.lPdMeCl and MM.O according to -arnp^^- 
to give 0.37 g polymer (217 turhovers/Pd) . The polym 
was nressed at 250°C to give a transparent, light 
was pressea 15°C/min, second 

25 brown, tough film. DSC (25 to , 

/ *- \ T Tcroz-i (end) = ^=>-5 

heat): Tg = 84°C, Tm(onset) = 175 C, Tm J ; 

Heat of fusion = 14 J/g ■ NMR (400 MHz, 120 C d^ o 

dichlorobenzene, referenced to downfield peak of 
Tlvent = 7.2B0 ppm) : 0.90 (bs, 1 H, . -32 

30 (bs, 2 H, -CHCH.CH.CH-);.1.72, 1.76 (bs, bs 4 H - 

CHCH2CE2CH- and -CECH2CH2CE-); 1.94 (bs, 1 H, -CHCE2CH 
) The assignments are based upon relative integrals 
XH - correlations determined by 2D NMR. Thxs 

spectrum is consistent with an addition polymer wxth 
35 cis-1,3 enchainment of the cyclopentene. 

Fir^mp"'*" 307 
cyclopentene was polymerized by [(2,6- 

EtPh)2DABMe.]PdMeCl and MMAO according to Example 305 
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to give 6.39 g polymer (229 turnovers/Pd) . The polymer 
was pressed at 250°C to give a transparent, light 
brown, tough film. DSC (25 to 300°C, 15°C/min, second 
heat) : Tg = 88°C, Tm (onset) = 175*^0, Tm (end) = 255°C, 
Heat of fusion = 16 J/g. ^H NMR (300 MHz, 120°C, d4-o- 
dichlorobenzene) is very similar to the spectrum of 
Example 3 06 . 

F.y^mple 3 08 
Cyclopentene was polymerized by [(2,4,6- 
MePh) 2DABMe2] NiBr2 and MMAO according to Example 305 to 
give 0.36 g polymer (211 turnovers/Ni) . The polymer 
was pressed at 250°C to give a transparent, colorless, = 
tough film. DSC (25 to 300°C, IS'^C/min, second heat) : 
Tg = '98°C, Tm(onset) = 160°C, Tm (end) = 260°C, Heat of 
fusion = 22 J/g. ^H NMR (500 MHz, 120 °C, d4-o- 
dichlorobenzene) is very similar to the spectrum of 
Example 306. X-ray powder diffraction shows the same 
crystalline phase as observed in Example 305. 

F^y;^mple 309 
Cyclopentene was polymerized by [(2,6-i- 
PrPh) 2DABMe2] PdMeCl and MMAO according to Example 305 
to give 0.73 g of fine powder (429 turnovers/Pd). The 
polymer was pressed at 250°C to give a transparent, 
light brown tough film. DSC (25 to 300°C, 15°C/min, 
second heat) : Tg = 96°C, Tm (onset) = 175°C, Tm (end) = 
250°C, Heat of fusion = 14 J/g. ^H NMR (400 MHz, 120^C, 
d4-o-dichlorobenzene) is very similar to the spectrum 
of Example 306. X-ray powder diffraction shows the 
same crystalline phase as observed in Example 305. 

Ex^mpl^ 31Q 
Cyclopentene was polymerized by [(2,6-i- 
PrPh)2DABMe2]PdCl2 and MMAO according to Example 305 to 
give 0.856 g polymer (503 turnovers/Pd). The polymer 
was pressed at 250°C to give a transparent, light 
brown, tough film. DSC (25 to 300^C, IS^'C/min, second 
heat) : Tg = 104°C, Tm (onset) = 140^C, Tm (end) = 245°C, 
Heat of fusion = 19 J/g. ^H NMR (400 MHz, 120^C, d4-o- 
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dichlorcbenzane) is very similar to the .pe=trum of 
Example 306. 

Cyclopentene was polymerized by [(2 6- 
E.Ph).D.BMe.3NiBr. and MM.O according to Example 3 05 
give 0.076 g polymer (45 turnovers/Nx) . ^J^°° 
Lz, 120»C, d.-o-dichlorobenzene) is very sxm.lar to 
the spectrum of Example 306. 

cyclopentene was polymerized by [(2,4,6- 
„eP.,.o;-H.,.iBr. an. aocordin. to ^^^^ , 

,ive 0.66 . polymer ,3S8 UCO 

^^^^ =,1- 292°C to give a tougn rixm. 
was pressed at: ^y^. ^ ^ „^^-ii=i-r t-o- 

d.-o-diohlorobenzene, is very s.mxlar 

i^':in^; A DSC thermal 
the spectrum of ^-"P^^^°^^ , sample was 

firactionation experiment was done 

I"ted to 330-C at 20»C/minute followed by stepw.se 
heated to Jju followed temperatures 

isothermal equilibration at the to 
(times,: 2S0'C (6 hours,. 2V0-C (6 hours, , 260 C 
Ri 20 hours, ; 2S0-C (6 hours, , 240'C 4 hours , 230 C 4 

^ hours, , 220-C (4 hours,, 210-C 4 hours , 200 C 3 

hours) 190-c (3 hours), 180»C (3 hours), 170 C (3 

160-C ,3 hours,, 1S0=C (3 hours, .he . C Of 
.his sample was then recorded from 0 C ^3 0 C at 

rr,^ - Qa°C Tm (onset) = 185 C, im ksh^j 
25 C/mm. Tg = i^o 

Heat of fusion = 35 J/g- 

cyclopentene was polymerized by 
PhPh„D^Me.,NiBr. and M«AO according to -^^^J 
„ive 1 24 g polymer (728. tumovers/Ni) . The polym 
Tarpresse! at 7^2-0 to give a transparent, light gray, 
Trit^le film. .SC ,23 to 320-C, --/mi. second 
Heat, . Tm(onset, - 160-c, Tm (end, " " 

T/a IH NMR (400 MHz, 120 C, (U O 
fusion = 33 J/g. " . ^ to the spectrum of 
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2130. IR (pressed film, cm-^) : 3050 (vw, olefinic end 
group, CH stretch), 1615 (vw, olefinic end group, cis- 
CH=CH- double bond stretch), 1463 (vs) , 1445 (vs), 
1362(s), 1332 (s), 1306 (s) , 1253 (m) , 1128 (w) , 1041 (w) , 
935 (m), 895 (w), 882 (w) , 792 (w) , 721 (w, olefinic end 
group, cis-CH=CH-, CH bend). GPC {Dissolved in 1,2,4- 
trichlorobenzene at 150*'C, run at lOO^'C in 
tetrachloroethylene, polystyrene calibration) : Peak MW 
= 13,900; Mn = 10,300; Mw = 17,600; Mw/Mn = 1.70. 

K3^;^mpXg 314 

The complex [ (2 , 4 , 6-MePh) 2DABAn] NiBr2 was weighed 
into a glass vial in the dry box (0.032 g, 0.050 mmol) . 
Toluene (2.35 ml ) and cyclopentene (6.81 g, 2,000 
equivalent s/Ni) were added, followed by CgHsNHMea-*" 
B(C6F5)4 - (0.04 g, 50 equivalents/Ni) . A solution of , 
EtsAl was added while stirring (2.5 ml, 1 M in heptane, 
50 equivalents/Ni) . After stirring for 46 hours, the 
solution was filtered and the solids were washed 
several times on the filter with pentane. The polymer 
was dried in vacuo for 12 hours at room temperature to 
yield 0.16 g of fine powder (47 turnovers /Ni ) . A 
control experiment with no C6H5NHMe2'^ B(C6F5)4" gave no 
polymer. 

F.ya^mple 315 

The complex [ (2 , 4 , 6 -MePh) 2DABAn] NiBr2 was weighed 
into a glass vial in the dry box (0.032 g, 0.050 mmol) . 
Toluene (3.46 ml ) and cyclopentene (6.81 g, 2,000 
equivalents/Ni) were added. A solution of Et2AlCl was 
added while stirring (1.39 ml, 1 . 8 M in toluene, 50 
equivalents/Ni) . After stirring for 46 hours, the 
solution was filtered and the solids were washed 
several times on the filter with pentane. The polymer 
was dried in vacuo for 12 hours at room temperature to 
yield 0.53 g of fine powder (156 turnovers/Ni) . 

F.xample 316 

The complex [ (2 , 4 , 6 -MePh) 2DABMe2] NiBr2- was weighed 
into a glass vial in the dry box (0.0070 g, 0.0130 
mmol). Pentane (2.2 ml ) and cyclopentene (10.0 g. 
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11,300 equivalent s/Ni) were added. A solution of 
EtAlCl2 was added while stirring (0.73 ml, 1 - 0 M in 
hexanes, 56 equivalents/Ni) . After stirring for 192 
hours, the solution was filtered and the solids were 
washed several times on the. filter with pentane . The 
polymer was dried in vacuo for 12 hours at room 
temperature to yield 2.66 g of fine powder (3010 
turnovers/Ni) . The polymer was mixed, with 200 ml of 
MeOH in a blender at high speed to produce a fine 
powder. The solid was collected by filtration and then 
mixed for 1 hour with 3 9 ml of a 1:1 mixture of 
MeOH/concentrated aqueous HCl - The solid was collected 
by filtration, washed with distilled water, and then 
washed on the filter 3X with 20 ml of a • 2 wt . % 
solution of irganox® 1010 in acetone. The polymer was 
dried in vacuo for 12 hours at room temperature . DSC 
(25 to 300OC, 10°C/min, controlled cool at lO^C/mxn. 
second heat): Tg = 98°C, Tm(onset) = 160»C, Tm (end) = 
240°C, Heat of fusion = 17 J/g. TGA(air, lOOC/min : 
T(onset of loss) = 330°C. T(10% loss) = ^SO^'C. NMR 
(500 MHZ ^H frequency, 3.1 ml of 1,2,4 

trichlorobenzene, 0.060g Cr(acac)3, 120'>C) : 30.640 (s, 
2C), 38.364 (s, lO , 46.528 (s, 2C) . This spectrum xs 
consistent with an addition polymer of cyclopentene 
with cis- 1,3 -enchainment.. A sample of the polymer was 
melted in a Schlenk tube under a nitrogen atmosphere. 
Fibers were drawn from the molten polymer using a 
stainless steel cannula with a bent tip. A nitrogen 
purge was maintained during the fiber drawing. The 
fibers were tough and could be drawn about 2X by 
pulling against a metal surface heated to 125°C. 

The complex [ (2 , 4 , 6-MePh) 2DABAnlNiBr2 was weighed 
into a glass vial in the dry box (0.0093 g, 0.0146 
35 mmol). Cyclopentene (10.0 g, 10,000 equivalents/Ni) 
was added. A solution of EtAlCl^ was added while 
stirring (0.73 ml, 1.0 M in hexanes, 50 
equivalents/Ni) . After stirring for 168 hours, the 
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solution was filtered and the solids were washed 
several times on the filter with pentane. The polymer 
was dried in vacuo for 12 hours at room temperature to 
yield 4.66 g of fine powder (4660 turnovers/Ni) . The 
5 polymer was mixed with 200 ml of MeOH in a blender at 
high speed to produce a fine" powder. The solid was 
collected by filtration and then mixed for 1 hour with 
3 9 ml of a 1:1 mixture of MeOH/concentrated aqueous 
HCl . The solid was collected by filtration, washed 
10 with distilled water, and then washed on the filter 3X 
with 20 ml of a 2 wt. % solution of Irganox 1010 in 
^. acetone. The polymer was dried in vacuo for 12 hours 

^ at room temperature. DSC (25 to BSO^'C, 15°C/min, 

g; second heat): Tg = 97°C, Tm(onset) = 160°C, Tm (end) = 

SI 15 285''C, Heat of fusion = 25 J/g, ^^^C NMR (500 MHz ^H 

p-i frequency, B-l-^ml of 1, 2, 4-trichlorobenzene, 0.060g 

hi. Cr(acac)3, 120°C) : 30.604 (s, 2p) , 38.333 (s, IC), 

^ 46.492 (s, 2C) . This spectrum is consistent with an 

fe addition polymer of cyclopentene with cis-1,3- 

ru 20 enchainment. A sample of the polymer was melted in a 

Schlenk tube under a nitrogen atmosphere. Fibers were 
y-. drawn from the molten polymer using a stainless steel 

cannula with a bent tip. A nitrogen purge was 
maintained during the fiber drawing. The fibers were 
25 tough and could be drawn about 2X by pulling against a 
metal surface heated to 125 °C. GPC (Dissolved in 
1, 2 , 4-trichlorobenzene at 150°C, run at 100°C in 
tetrachloroethylene, polystyrene calibration) : Peak MW 
= 137,000; Mn - 73,000; = 298,000; Mw/Mn = 4.08. 

30 K:x:ample 318 

The complex { [ (2 , 6-i-PrPh) sDABMesl PdMe (EtsO) j+SbFe" 
(0.05 g, 0.060 mmol) was added to 10.0 g of stirring 
cyclopentene. Solid polymer formed rapidly and 
precipitated. The polymer was isolated by filtration, 
35 washed on the filter 3X with pentane, and dried in 
vacuo at room temperature to give 1.148 g finely 
divided powder (282 turnovers/Pd) . DSC (25 to 350°C, 
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15-C/min, first heat) : T.(c„set) - 175<>C, Tn, (end, - 
245°C, Heat of fusion = 16 J/g- 

The complex {[(2, 6-1- 
5 prPh,.DAB«e.lPdCH.CH.CH.C(O)0CH3)*SbF.- (O.OS g 0.059 

L=l was added to 10 . 0 g of stirring 

The complex is not very soluble in ^V^^^P-"^^ ^^^^ . 
amount o£ solids increased slowly. After 27 days, the 
amount u hv filtration, washed on the 

solid polymer was isolated by filtr 
10 filter 3X with pentane, and dried rn vacuo at -°°™ 
temperature to give 1.171 g finely divided powder 
turnovers/Pd, . DSC- <25 to 3=0"C XS-C/mr. first , 

» iinon Tm (end) = 255 C, neai- vj^- 
heat) : Tm(onset) = 170 C, Tin .^ena; 

fusion = 24 J/g- 

Fyample 320. 

, ^ .r,o 6-i-PrPh)2DABMe2]NiBr2 was weighed 
The complex U2,b i fxim/z ^ « n .\ 

into a glass Vial in the dry bo. (O.O^Sg 0.040 mmol, . 

C^clopentene ,10.0 g, 1,000 ^■5-^-^-"^-' 73;^ it 
A solution of MMftO was added while stirring <°-»°^"^- 
20 M in Heptane, 50 e<^ivalents/Ni, . ^^^^ f 

£or 5 minutes, the mixture was rusty brown and still 
Ltained some solids. An additional BO equivalents 
contain solution became homogeneous. 

MMAO were added and the solution solids 
After 12 hours, the mixture was filtered and -f^^^ 
25 "ere washed several times on the filter with pentane. 
The polymer was dried in vacuo for 12 hours a room 
temperature to yield 0.238 g of fine powder (87 

> ns(- (25 to 350-C, 1.5»C/min, second 
turnovers/Ni) . DSC (25 to , Heat of 

-iTrvori Tm (end) = 265 tieau yj-i- 

heat) : Tm(onset) = 170 C, Tm lena; 

30 fusion = 18 J/g. 

FlTr^mplp^ 321 

The complex 1(2,4,6 -«ePh, .DABAn! NiBr. was weighed 
into a glass vial in the dry box (0.0093 9. O.OX.S 
ZoU cyclopentene (10.0 g, 10,000 equivalents/Ni, 

tnmo-Ly . f -j^ /ar c; ml) were added, 

35 and anhydrous methylene chloride (48.5 ml) w 

1 .-i^^ of EtAlClo was added while stirring (2.92 
A solution ot I:,tAi^x2 w after 
„,1 1 0 M in toluene, 200 equivalent s/Ni) . After 

^: ^ 163 hours the solution was filtered and 
stirring for 163 nours , 
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the solids were washed several times on the filter with 
pentane . The polymer was dried in vacuo for 12 hours 
at room temperature to yield 1.64 g of fine powder 
(164 0 turnovers/Ni) . A DSC thermal fractionation 
experiment was done according to the procedure of 
Example 312. A DSC was then recorded from C'C to 330°C 
at 10**C/min. Tg = 92°C, Tm (onset) = 150°C, Tm (end) = 
250°C, Heat' of fusion = .11.4 J/g. 

Example 332 

The complex [ (2 , 4 , 6-MePh) 2DABAn] NiBr2 was weighed 
into a glass vial in the dry box (0.0093 g, 0.0146 
mmol) . Cyclopentenfe (10.0 g, 10,000 equivalents/Ni) 
was added. A solution of i-BuAlCl2 was added while 
stirring (2.92 ml, 1.0 M in toluene, 200 
equivalents/Ni) . After stirring for 163 hours, the 
solution was filtered and the solids were washed 
several times on the filter with pentane. The polymer 
was dried in vacuo for 12 hours at room temperature to 
yield 1.99 g. of fine powder (1990 turnovers/Ni). The 
polymer was pressed at 292''C to give a transparent, 
light gray, tough film. A DSC thermal fractionation 
experiment was done according to the procedure of 
Example 312. A DSC was then recorded from O'^C to 330°C 
at 10 °C/min, Tg = 103^C, Tm (onset) = 150^C, Tm (end) 
= 290°C, Heat of fusion = 27 J/g. 

Ey;^mple 3 23 

The complex [ (2 , 4 , 6-MePh) 2DABAn] NiBr2 was weighed, 
into a glass vial in the dry box (0.0932 g, 0.146 
mmol). Cyclopentene (5.0 g, 500 equivalents/Ni) and 
toluene (6.54 ml) were added. A solution of PMAO (Akzo 
Nobel Polymethylaluminoxane) was added while; stirring 
(3.16 ml, 2.32 M Al in toluene, 50 equivalents/Ni) . 
After stirring for. 163 hours, the solution was filtered 
and the solids were washed several times on the filter 
with pentane. The polymer was dried in vacuo for 12 
hours at room temperature to yield 3.64 g of fine 
powder. (364 turnovers/Ni). .The polymer was pressed at 
292°C to give a brown film that seemed tough, but 
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failed alon. a straight line when It ^^J^- JJ^^ ^„ 

rs^raTlVc/ir ; = .00., ^ .nset, = iSO=C. 
™ (end) - 270'>C,. Heat o£ fusion - 21 J/g- 

. fixture c. 2o.e /j,;™:r:::;:g.n . 
r:'rrsLre:.Tr:rtri:. d., deae^.. 

. .0 6mL of 3M poly(methylalumoxane) was 

' "d i -ri-e- ^he fixture .aca.e deep .lua- 

ZZT Then 2.5^ d4™>nol) of bata-citronellene . 

J 4= T7H the solution was too ttiiCK t<-> 
the end of 17h, the so toluene solution was 

The ethylene was vented and the toxuen 

The etny . ^.ethanol and was decanted. The 

stirred ^xth 6N HCl ^ ^^^^ ,3,^,,,, ,or an hour 

polymer was stxrred ^^^^^^ 0.90g of 

)n ^o extract solvent; oven aryxny r-uo-rw-a 
>0 to extra NMR (CDCI3) showed a CH2.CH3 

rubbery polyethylene ^^^^ . ^ . 

ratio of 83:12, which is 101 CH3 s p 

.11 neaks for the beta-citronellene 
there were small pB^^.s to . ^^^^ 

isopropylidene dimethyls (1 60 ^^^iene incorporation 
.5 a tiny peak for vinyl H ^ - OPP^ ^ -^^^^^^ 
.as estimated at 0 . mo . . D.ffere 

calorimetry: -51 C Tg^- ^„^,,,200; M^=154,000; 

135°C; PE standard): wn-z^ , ^^j^ , 

Mw/Mn=3.42. . 

n5-n.g (0.024-mmol) sample of NiBrs [ (2 , 6 -i- 

.^.=.llv stirred under nitrogen 

and -jnri;:o::i;tra~ u.™ » 

35 decadiene. Then ^'^"^ risobutyl groups), was 

m heptane; contains ^bou 30 30 b yj ^^^^^ ^ 



in heptane; conuc.x..= change color, 

injected; the tan suspension did not chang 

oressurized with ethylene to 190 kPa 
mixture was pressurise 
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(absolute) and was stirred for Ihr; it began to grow 
green-gray and darker in color, so 0 . 6mL more MAO was 
added, after which the mixture soon turned deep green- 
black. The reaction was stirred for 16hr and the 

5 ethylene was then vented; by this time the solution had 
become thick and unstirrable. The mixture was stxrred 
with refluxing 6N HCl and methanol, and the polymer was 
washed with methanol, pressed free of solvent, and 
dried under high vacuum to yield 1 . Og of rubbery 

10 polyethylene . The polymer was insoluble xn hot 

dichlorobenzene, demonstrating incorporation of the 

O diene . 

A 21-mg {0.034-mmol) sample of NiBr2 C (2 , 6-i- 
PrPh)2DABMe2] was magnetically stirred under nitrogen 
in a 50-mL Schlenk flask with 25mL of dry, deaerated 
toluene. Then 0 . 6mL of 2 . 9M polymethylalumoxane was 
injected; the red-brown suspension, became deep green. 
The mixture was purged with ethylene and then 2 . OmL 
(1 4g; IBmmol) of 2 -methyl^ 1 , 5-hexadiene was added; the 
mixture was pressurized with ethylene to 190 kPa and 
was stirred for 18h; the solution became brown. The 
ethylene was vented and the toluene solution was 
stirred with 6N HCl and methanol and was separated; 
25 rotary evaporation of the toluene layer yielded, after 
acetone washing to remove catalyst, 47mg of viscous 
liquid polymer. NMR {CDCI3) showed a CH2 : CH3 ratxo 

of 82:15, which is 130 CH3 ' s per 1000 CH2 ' s . There 
were also peaks for the incorporated diene at 1 . 72ppm 
30 (0.5H; CH3-C=CH2) and 4.68ppm (0.3H; CH3-C=CH2) and no 
^" ^ 55 ^ 5.80ppm) 

evidence of terminal vinyl (-CH-CH2, ^.y^ ^ 

from unincorporated diene. The level of diene 
incorporation was about 0.7mol%. 

Fiyf^mpip 327 

35 A 30-mg {0.049-mmol) sample of NiBr2 [ (2 , 6-i- 

PrPh) 2DABMe2] was magnetically stirred under nitrogen 
in a 50-mL Schlenk flask with 25mL of dry, deaerated 
toluene. Then 1 . OmL of methyl alumoxane (1.7M in 
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heptane; contains about 30% isobutyl groups) was 
iniected; the red-brovm suspension became deep green. 
The :ixt;re was saturated with ethylene and then O^S.. 

the mixture was pressurized with ethylene to 190 kPa 

• J *:^v- n nh • the solution became 
(absolute) and was stirred for 18h, the soj. 

brown. The ethylene was. vented and the toluene 
solution was stirred with 6N HCl and methanol and was 
separated; rotary evaporation of the toluene yielded, 
after acetone washing to remove catalyst, 0 . 15g of 
viscous liquid polymer. . 1h NMR (CDCI3) showed a 

V o-F 81- 5-13 5, which is 117 CH3's per 1000, 
CH2:CH3 ratio of 81 . 5 . IJ . ^ , wx n 5- 

CH2.S. The level of diene incorporation was about 0 5 
X.Omol%, judging from the diene isopropylidene methyls 
at 1.6 0 and 1.69ppm. 

The chelate complexes 
for these examples were generated in situ for NMR 
studies by the reaction of [ (ArN=C (R) - 
C(R)=NAr)PdMe(OEt2)]BAF with H2C=CHC (O) OR ' and on a 
preparative scale by the reaction of NaBAF with"^ 
^ArN=C(R)-C(R)=NAr)PdMeCl and H2C=CHC (O) OR- (vide 
infra). In these examples, the following labeling 
scheme is used to" identify the different chelate 
complexes that were observed and/or isolated. 
Assignments of all NMR chelate resonances were 
confirmed by homonuclear decoupling experiments. 



+ At y 

At ^Me 



OR' ' 



At Me 



'Me 

4x(R') 5x{R') 



At 

6x(R*) 



R' 



At _ TTTT" Me 



X>sJ ^^^^ " 

R N ^ Me Ar 

Ar MT ^ 2,6-CeHr<'-Pr>2 



30 5'x(R') 



5"x(R') 



BAF = Bl3.5-C6Hr<CF3)d4 
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ft gastight microliter syringe wa. used to add 1^1^ 
e^iv of H.CCHC.COR. to a mixture of 1 e^xv of NaBAF 
a^ 1 equiv of [,2,6-i-PrPh,,DABR=)Pd«eCl suspended .n 

or,t.O. X^e sides of the SchXenK f las. were 
rinsed with an additional 25 .1. of Et^o and the 
reaction mixture was stirred for 1-2 days at RT 
sodium Chloride was removed from the reaction mrxture 
via filtration, yielding a clear orange J''^ 
Et20 was removed in vacuo and the product was washed 
with hexane and dried rn vacuo. For R M 
no further purification was necessary (yields > 87.) . 
::cr^stalli!ation lowered the yield of .product and did 
not^result in separation of the isomeric mrxtures. 

F„r R' - -CH2(CF2)6CF3. contamination of the 
product with unreacted NaBAF was sometimes observed 
Tittration of a CH2CI2 solution of the product removed 
the NaBAF. The CH2CI2 was then removed in vacuo to 
t,iie i>ia.x-» . J 4„ A -K-rit-tle foam was 

rtiLLCriirvin: rhrroauct T... removing 
obtamea uy Although isolable, 

the Et20 in vacuo (yields > 59.). 
chelate complexes derived from FOA ""<if '° f 
.table than those derived from MA or t-BuA and 
decomposed with time or additional handling 

ai^i ,11 r II I f-r >he Counl^snan The 
following IH and "c spectroscopic — 3"-"= 
BAF counterion in CD2CI2 were invariant for <i^«-«"^ 
ctlplexes and temperatures and are not repeated in the 
spectroscopic data for each of the cationic comp exes = 

\ s: ^ nA (a B Ho) # 7.5/ VS, ^/ 
(BAF) iH NMR (CD2CI2) S 7.74 (s, 8, tio' > 

^-i N R TC? 9 (a JCB = 37.4, Cipso) ' 
H„) • 13c NMR (CD2CI2) 5 162.2 tq, ^CB 

^ / -r 3 Cm), 125.0 (q, JCF = 

135.2 (Co), 129.3 (q, JCF = 31.3, C„,)., . 

272.5, CF3) , 117.9 (Cp) . 

FttHTTIT;?"' ^ 32 8 

The above synthesis using [(2,6-i- ^ , _^ „ 

^r^^rj, n^ la-^n ma 1 76 mmol) , NaBAF (1-56 g, 
PrPh),DABH.lPdMeCl (937 mg X ^^^^^^^^ 

1.75 mtnol) , and MA (175 HL, 1 ■ «H 
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the reaction mixture was stirred for 12 h. The 
resulting orange powder (2.44 g, 96.0%) consisted of a 
fixture of 6a(Me, (91%), S-atMe) (5%), and 'l^^JJ' ' 
according to 1h NMR spectroscopy. 6a (Me): NMR 
5 (CD2C12, 400 MHZ, rt) 8 8.31 and 8.26 (s, 1 each, 

N=C(H)-C- (H)=N), 7.5 - 7.2 (m, 6, HaryD - 3.17 (s, 3 
OMe), 3.14 and 3.11 (septet, 2 each, CHMes and C'HMes), 
2.48 (t, 2, J = 5.8, CH2C(0)), 1.75 (t, 2, J =5.8 
PdCH2), 1.38, 1.32, 1.25 and 1-22 (d, 6 each J = 6.8, 
10 CHMeWe' and C'HMeMe'), 0-73 (pentet, 2, J - 5.8, 

PdCH2CH2CH2C(0)); 13c NMR (CD2CI2, 100 MHz, rt) 5 
.83.9 (C(0)), 167.1 (JCH = 181-4, N=C(H) ) , 160.7 (^CH = 
. 181.3, N=C'(H)), 142.9 and 142.4 (Ar, Ar • : dpso) , 

^ -7 fAr Ar' - CitDSo). 129-8 and 129.0 (Ar, 

139 7 and 13 8.7 (Ar, Ar . v.- ipso' • 

,5 Ar.- Cp), 124.6 and 124.1 (AT. Ar.= C„), 55.2 (OMe), 

35 9 and 32.3 (PdCH.CH.CH^C (O) , . 29.3 and 23 . 1 (CH«a=. 
C.HMe2), 23.8 (PdCH2CH2CH2C (O) ) . 24.5, 23.9. 23 . 2 and 
22 5 (CHMeM^.,- C IR (CH2CI2) "40 cm" 
lv;c(0,)l. S.m.Me): 13c NMR (CD2CI2, 100 ") 6 

20 193.2 , CO,,. -a^- '^"""=^^3''^^^ ;5. N 

52.28; H, 3.97; N, 1.94. Found: C, 52.08; H, 3.75, N, 

1.61. 

F,y ample 329. 

The above synthesis using [(2, 6-1- 

PrPW.DABMe.]PdMeCl (634 mg, 1.13 m.ol, , ^-^f ^' 

1.13 mmol,, and MA (112 ^l.. 1-1 -quiv, was 

The reaction mixture was stirred for 2 days and the 

product was recrystallized fro,. CH2CI2 at -30 C to 

give 956 mg of orange crystals (57.3% 2 crops . The 

crystals consisted of a fixture of 6b(Me. (87<, 

5^(«.) <11.5%,, and 5b,«e, <1.5%,, according to H «MR 

Sb(Me)- iH NMR (CD2CI2. «00 MHz, rt, 8 
spectroscopy. 6blMe) . a "■■■^ v ^ ^ , 0 

7 .3 - 7.26 (m, 6, Haryl). 3.03 (s, 3 , OMe) , 2.95 
(septet, 2, J = 6.79, CHMe2) , 2.93 ^-P^^^'^' ^22 
35 6.83, C..«Me2). 2.39 (t, 2, J - 5.86, CH.C(O)) 2 22 
and 2.20 (N=C (Ke) -C • (Me) =N) , 1.41 (t, 2, J =. 5 74 , 
PdCH.), 1.37. 1.30, 1.25 and 1.21 (s, 6 each, ^ =6^80 
- 6.94, CHMeMe', C - HMeMe ' ) , 0.66 (pentet, 2, J = 5.76, 
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,S3.. <C.O)K .nd N C^^^^ 

140.5 (Ar, AT'; Cipsol . 1^° • j , a |Ar 

X29 3 and 128.3 (Ar, Ar': Cp) , 124.9 and 

^ cl) 54.3 (0«e), 35.8 and 30.3 (PdOi^CH^OIzC O , 

5 a:d.29.2 <CHMS2, CHMe.). 23.7 <PdCH.a,2CH2C (O)) 
.3 91 23 8.. 23.20 and 23.14 (CHMeMeS C • HMeMe • , 21 . 6 
and 19 9 m.C(Me)-C.(Me,.N).. IR (CH2CI2) 1643 cm-1 
^WC(om . S-MMe): iH ^ (CD.CI2. 400 MHz. .t) 8 

■ 3 eaah, N.C(«a,-C.(»a,.N,. 1.02 (d 3^ ^ - -23. 

CHMeC(O)); NMR (CDsClj, 100 MHz. 8 154-5 

IH-C-C'.N). 55.6 (OMe). 44.3 
irtaD 179.2 and 172.2 IN-'- i- ' ' . 

C.(Ma).N), 18.1 (CHMeC(O)) . 5b(Me) . H _ 
400 MHZ. rt, 5 0.26 (d, 3, PdCHMe, . ' 
,Ce5H6lBF24N202Pd) = C. 52.92; H, 4.17; N. 1-90. 
Found: C, 52.91; H, 4.09; K, 1-66. 

*-v.^oncL was followed using [(2,6-i- 

. ...... wa. stir.ed .or 2 da.s and t.e prod.c- . 

.eorv..aXUzed .ro. C„3 I2 a. - 0 , t^o . ^^^^^ _ 
5 (33.8%. 2 orops) of a '"^^'^ according Co iH 

= ■ : IH ™R (CO.C1., 400 MHZ. 

^.1,, ^,.H.p,. 7.62-7.40 (™ e^An. - = « 

Ar.. H., Hp; Ar.: H>, H'p). J-B 37"(septee. 2, 

H„,. 6.60 (d. 1. a - 7.44. An.: H 0) . ^■"J P 



^3.;,,;.. .= 5.93. CK.C,0U.1.79.. - -S.66,^ 



J = 5.66, 

PdCK.,, 1.45, 1.42, -"-^-Ml ^2 



35. . 6.90, CHMe«e., C.H«e«e.,, 0.80 (P-^;^/' ^ ^ 
PdCH.CH.CH.C,0,,; 13c «MR (CD.C12. "" "^- J^* 
(C(0)), 175.3 and 168.7 (N-C-CN). ' ' ''^ , 

quaternary C) . 141.3 and 140.5 (Ar. Ar. : Cipso) - 
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and 138.4 (Ar, Ar' : Co), 133.3 and 132.6 (An: CH) 
131 9 (An: quaternary C) , 129.8, 129.7, 129.6 and 128.5 
(AT AT': Cp; An: CH) , 126.44 and 125.8 (An: quaternary 
C) 'l26.4 and 125.6 (An: CH) , 125.5 and 124.6 (Ar, Ar': 
5 cJ) 55.0 (OMe), 35.9 and 31,3 (PdCHsCHsCHsC (O) ) , 29.7 
• and'29.4 (CHMe2, C'HMe2), 24.1 (PdCHsCHsCHsC (O) ) , 24.1, 
23 8 23 32 and 23.27 (CHMeMe', C'HMeMe'); IR (CH2CI2) 
1644'cm-l [v(C(0))]. 5.c(Me): 1h NMR (CD2CI2, 400 
MHZ, rt) 8 3.64 (s, 3, OMe), 2.70 (m, 1, CfiMeC(O)); ^^C 
10 NMR (CD2C12, 1^0 MHz, rt) 5 192.8 (C(0)). ^ ' ' c (Me) : 
IH NMR (CD2CI2, 400 MHZ, rt) 8 3.67 (s, 3, OMe), 2.46 
(t 2, J = 6.99, CH2C(0)),. 1-72 (t, 2, J = 7.04, 
PdCH2). 5c{Me): ^H NMR (CD2CI2, 400 MHz, rt) 8 0.44 

(d, 3 , PdCHMe) . o on 

15 Anal. Calcd for (C73H6lBF24N202Pd) : C, 55.80; H, 3.91; 
N, 1.78. Found: C, 55.76; H, 3.82; N, 1-62. 

Fr^^Trp"*^ 3 31 

The above synthesis was followed using [(2,6-i- 
PrPh) .DABH,] PdMeCl (509 mg, 0.954 xnmol) , NaBAF (845 tng, 
20 0.953 mmoi), and t-BuA (154 ^L, 1.1 equiv) . The 
: reaction mixture was stirred for 1 day and yxelded an 
orange powder (1.24 g, 87.3%) that was composed of a 
fixture of 6a(t-Bu) (50%), B-aU-Bu) (42%), 
Bu) (8%), according to ^H NMR spectroscopy. 6a(t-Bu). 
25 IH NMR (CD2C12, 400 MHz, rt) 8 8.27 and 8.25 (N=C (H) - 
C'(H)=N), 7.45 - 7.20 (m, 6, HaryD 3.20 and 3.11 
(septet, 2 each, J = 6.9, CHMe2 and C.HMe2), 2.42 (t, 
2 J = 5.9, CH2C(0)), 1.77 (t, 2, J = 5.3, PdCH^) , 
''39 1 36, 1-22 and 1.21 (d, 6 each, J - 6.7, CHMeMe' 
30 and C'HMeMe'), 1.01 (s, 9, OCMe3) , 0.68 (pentet, 2 J 
6.1, PdCH2CH2CH2C(0)); NMR (CD2CI2, 100 ' ' 

\ 5s T QO f C (O) ) . 88 . 8 (OCMes) , 
excluding Ar resonances) 8 182.6 (C(0)), ^ _ 

37 8, 33.6 and 23.9 (PdCH2CH2CH2C (O) ) , 29.3 and 29^0 
(CHMe2, C'HMe2), 27.8 (OCMej) , 24.8, 24.5, 22.7 and 
35 22 6 (CHMeMe', C'HMeMe'); IR (CH2CI2) 1615 cm 

[V(C(0))1; 5.a(t-Bu): 1h NMR (CD2CI2, 400 MHz, rt; 
excluding AT and i-Pr resonances) 8 8.29 and 8.22 (s. 
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each, N=C(H)-C' (H)=N) , 2.53 (q, 1. J = 7.3, 
C(H)(Me)C(0)), 1.75 (d, 1, J= 8.9, PdCHH' ) , 1-53 (dd, 
1 J = 9.0, 7.0, PdCHH'), 1.16 (OCMea); NMR 
(CD2CI2, 100 MHZ, rt; excluding Ar resonances) 5 194.0 
(C(0)), 90.6 (OCMe3), 45.9 (CHMeC(O)), 30.0 (PdCHz) . 
29.4, 29.3, 29.1 and 29.1 

(CHMes/ C'HMe2, C'HMez, C "HMe2) , 27.7 (OCMes) , 
24.6, 24.4, 23.81, 23.79, 23.3, 23.3,. 22.62 and 22.58 
(CHMeMe', C'UMeMe', C'HMeMe', C'-HMeMe'), 18.7 
(CHMeC(O)); IR (CH2CI2) lB77cm-l tv(C(0))]. 5a(t-Bu) : 
IH NMR (vide infra); NMR (CD2CI2, 100 MHz, rt) 8 

190.4 (G(0)), 166.7- and 160.7 (N=C-C'=N) , . 48 . 1 ' 
(CH2C(0)), 35.3 (PdCHMe). Anal. Calcd for 
(C66H63BF24N202Pci) : C, 53.22; H, 4 . 26 ; N, 1 - 88 . 
Found: C, 53.55; H, 4.20; N, 1.59. 

The above synthesis using [(2,6-i- 
PrPh) .DABMe,] PdMeCl (499 mg, 0.889 mmol), NaBAF (786 
n,g 0.887 mmol) . and t-BuA (145 ^L, 1.1 equiv) was 
followed. The reaction mixture was stirred for 1 day 
to yield an orange powder (1.24 g, 91.8%) that 
consisted of a mixture of SbCt-Bu) (26%) S-bCt-Bu) 
(63%), and 5b(t-Bu) (11%). according to iH NMR 
spectroscopy. NMR (CD2CI2 , 300 MHz, rt ; diagnostic 

resonances only) 6b(t-Bu): 6 2.35 (t, 2, J =6.1,^ 
CH2C(0)), 0.97 (s, 9, 0CMe3) , 0.60 (pentet , 2, J - 5.7. 
PdCH2CH2CH2C(0)); 5'b(t-Bu): 6 2.43 (q, 1, J = 7.2 
C«MeC(0)), 1.08 (s, 9, OCMes); 5b(t-Bu). 6 

OCMes), 0.29 (d, 3, J = 6.74, PdCHi^e) ; NMR (CD2CI2, 

75 MHZ, rt; diagnostic resonances only) 6b(t-Bu): b 
182.3 (C(0)), 88.3 (OCMea) , 37.9 and 31-9 
(PdCH2CH2CH2C(0)),. 27.9 iOCMes) . 22.0 ^^^^ ^J).! 
(N=C(Me)-CMMe)=N); S-bCt-Bu): 8 193.8 (C (O) ) , 178 8 
and 171.8 (N=C-C'=N), 90.0 (OCMea) . 45.8 (ameC(O)), 
28.7 (PdCH2), 21.1 and 19.6 (N=C (Me) -C ' (We) =N) 18 6 
(CHMeC(O)); 5b(t-Bu) 5 190.7 (C(0)), 48.4 (CH2C(0)), 

(PdCHMe). Anal. Calcd for (C68H67BF24N202Pd) : C 



33 . 9 



322 





10 



15 



S3. 82, H, 4.4S, N, 1.85. Found. .C, 53.62,. H, 4.32; N, 
1.55. 

FiyqmT?if^ 333. • _p _ 

^KV,^oi<5 was followed using [(2, 6-1 Pr 

...Lta^:c.=C";^. .0... .aB^ 

reaction fixture s. rred ^ 

orange powder 1^0 ^ « ^^^^^ ^ 

:r';rv, a c ra!:; L 1h ««« spectroscopy. ^ 

=Hi;.:-:r.t4:Tt^::r::"^ 

rn, ;-"-^ - S,OC«e3..0.3 Cpen.e. ; r 

n ^1 (s 9/ OCMes) ; 5c{t-Bu;. " ^ . 

i3rJ:'(CP2Cl2. - MH., r.: --3"°-^; 

T ^ ^:o^^-Bu^: 8 181.8 (C{0)), 87.9 
resonances only) 6cvc (OCMea) ; 

,OC«e3), 37.4 and 32.2 '^^^2°'=°^!^ ' ' J , 
5. = U-BU,= 8 193.0 (C(0)). 89. 5 <°»- ' ' " ' = 

<=. (PdCH7), 27.2 (OCMej) , 18.1 
'"^^' o ' Lai C^cd for (C7SH67BF24«202.a, = C 
(CHMeC(O)). Anal. C-axc 56 63 • H, 4 . 06 ; N, 

56.57; H, 4.19; N, 1.74. Found: C 56.63, 



25 



1.52. 

Ey?='mpifi 33A 



The above synthesis ,,,3 .g, 

PrPh).DABH.lPdMeCl ^^-^7' yielded after 1 

1.13 mmol), and FOA (337 ^L, l-l ^^^^^ J 

-, 01 a (59.2%) of 6a(FOA) as a rea 
day of stirring 1-21 g (59.^ , .^^ 8 s 33 and 8.27 
30 foam- NMR (CD2CI2, 3.00 MHz, 0 .O ^ «-33 a 

30 foam. c (H) -C (H) =N) , 7.4 - 7.2 (m. 6, Haryl) • 

r;5\r2' .;f -13.05, 0CH.(CF2)6CF3), 3.13 and 3^08 
3.85 (t, 2, JHF C'«Me2), 2.65 (t, 

(septet, 2 each, J - ^"^'^ / ^ ^^^^^^ ^ 



(septet, 2 eacn, ^ " j = 5.59, PdCH2) , 

CO rw-5C(0)). 1.74 (t, 2, vJ - 
2, J = 5.62, CH2C^u;;, t-6 73-6.82, 

35 1.36, 1.29, 1.15 and 1.13 Y^^' //^ 

CHMeMe', C-HMeMe'), 0.76 (pentet, 2, J - 5. , 

PdCH2CH2CH2C (O) ) 
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The above synthesis using [(2,6-i- 
PrPh) .DABMe.] PdMeCl (637. mg, 1.13 mmol) , NaBAF (1.00 g, 
1.13 mmol); and FOA (339 ^l.. 1-1 equiv) yielded after 1 
day of stirring 1.36 g (65.2%) of 6b(FOA) as a yellow 
foam- IH NMR (CD2CI2, 300 MHz, 0 |C) 8 7.5 - 7.0 (m, 
6 Haryl), 3.64 (t, 2, JhF = 12-72. OCH2 (CF2) 6CF3) . 
''90 I^d 2.88 (septet, 2, . = 6.74, CHMe^ and CHMe^), 
2 56 (t 2, J = 5.82, CH^C (O) ) , 2.32 and 2.22 (N=C (Me) - 
c'.(Me)=N), 1.34, 1.27, 1.23 and 1.19 (d, 6 each J = 
6.75 - 6.82, CHWeMe', C ■ HMeMe ' ) , 0.68 (pentet, 2, J - 

5.83, PdCH2CH2CH2C (O) ) . 

R X=' m T ?T^s 136-338 . 
The labeling scheme given in Examples 328-335 is 
15 also used here. Spectral data for the BAF counterion 
is the same as given in Examples 328-335. 

. ^^^^^^..^^^ one equivalent of MA was added to an 
20 NMR tube containing a 0.0198 M solutxon of {2,6- 

iPrPh) .DABH.]PdMe(0Et2)]}BAF in CD2CI2 (700- at^78 
C, and the tube was transferred to the ^^^^J^ 
probe. After 14.25 min at -SO-C, approximately 80^ of 
the ether adduct had been converted to the olefxn 
25 complex. TVo sets of bound olefin resonances were 
observed in a 86:14 ratio. This observation .s 
consistent with the existence of two different rotamers 
Z the olefin complex. Insertion of MA into the Pd-Me 
bond occurred with predominantly 2,1 regiochemxstry to 
30 give the 4-membered chelate 4a (Me) at -80 iC (ti/2 - 2 0 
T) The resonances for the major rotamer of the olefxn 
complex disappeared before those of the minor rotamer . 
Much slower conversion of 4a (Me) to the 5-membered 
chelate 5a (Me) also began at -80°C. Upon warming to - 
35 60°C, complete and selective formation of 5a(Me) 

•Lcurred inlessthan4h. The 5-membered chelate was 
relatively stable at temperatures below -SO^C however, 
upon warming to -20.«'C, rearrangement to the 6-membered 
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chelate 6a (Me) was observed. NMR spectral data for the 
olefin complex, 4a (Me), and 5a (Me) follow. Spectral 
data for 6a (Me) is identical to that of the isolated 
chelate complex (see Examples 328-335) . 

V.yaniple 33 6 

{ [(2,6-i-PrPh)2DABH2]Pd(Me) [H2C=CHC (O) OMe] }BAF. 
1h NMR (CD2CI2, -80°C, 400 MHz) Major Rotamer: 5 8.45 
and 8.32 (s, 1 each, N=C (H) -C • (H) =N) , 7.5 - 7.1 (m, 6, 
Haryl). 5.14 (d, J =15.2, HH'C=), 4.96 (dd, J = 14.9, 
8.6, =CHC(0)), 4.63 (d, J = 8.5, HH'C=) , 3.68 (s, 3, 
OMe), 3.03, 2.90, 2.80 and 2.67 (septet, 1 each, CHMe2, 
C'JJMe2, C''iiMe2. C'^'HMe2), 1-5 - 1-0 (doublets, 24, 
CHMe2) / 0.61 (s, 3, PdMe) ; Minor Rotamer: 6 8.25 and 
8.18' (s, 1 each, N=C(H)-C' (H)=N) , 5.25 (d, 1, HH'C=), 
4.78 (dd, 1, =CHC(0)), 4.58 (d, 1, HH'C=) , 3.63 (OMe). 

F.yainple 33 7 

{ [(2,6-i-PrPh)2DABH2]Pd[CHEtC(0)OMe] }BAF 4a (Me) . 
1h NMR (CD2CI2, 400 MHz, -60°C) 8 8.25 and 8.22 
(N=C(H) -C (H) =N) , 7.5 - 7.2 (m, 6, Haryl) / 3.74 (s, 3, 
OMe), 3.55, 3.27, 3.08 and 2.76 (m, 1 each, CHMe2 , 
C'iiMe2, C''iiMe2, C'''HMe2), 2.62 (dd, J = 10.8, 2.9, 
CHEt), 1.4 - 1.0 (doublets, 24, CHMe2), 0.79 and -0.49 
(m, 1 each, CH(CHH'Me)), 0.71 (t, 3, J =6.6, 
' CH(CHH'Me) ) . 

p;y ample 3 38 
{ [ (2,6-i-PrPh)2DABH2]Pd[CHMeCH2C(0)OMe] }BAF 
5a(Me). 1h NMR (CD2CI2, 400 MHz, -6O1C) 6 8.24 and 
8.21 (N=C(H) -C (H) =N) , 7.4 - 7.2 (m, 6, Haryl). 3-59 
(s, 3, OMe), 3.47, 3.32, 2.98 and 2.81 (septet, 1 each, 
CiiMe2, C'fiMe2, C''fiMe2, C'''HMe2), 3.08 (dd, 1, J = 
18.4, 7.3, CHH'C(O)), 1.74 (pentet , 1, J = 6.9, 
PdCiiMe), 1.60 (d, 1, J = 18.6, CHH'C(O)), 1.34 (d, 6, J 
= 5.6, . C'HMeMe' and C • • • HAfeMe • ) , 1-32 (d, 3, J = 6.2, 
CHMeMi'), 1.24 (d, 3, J = 6.8, C'HMeMe'), 1.18 (d, 6, 
6.8, C'HMeMe' and C'HMeMe'), 1.15 (d, 3, J = 6.8, 
C'HMeMe'), 1.08 (d, 3, CHMeMe ' ) , 0.35 (d, 3, J = 6.9, 
PdCHMe) ; 13c NMR (CD2CI2. 100 MHz, -80°C) 5 190.5 
(C(0)), 166.1 (JCH = 181, N=C(H)), 160.7 (JcH = 181' 
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N=C'(H)), 142.8 and 141.6 (Ar , Ar ' : Cipgo) . 139.0, 
138.6, 138.2 and 137.7 (Ar : Co. Co' and Ar': Co, Co'). 
128.8 and 128.2 (Ar, Ar ' : Cp) , 124.1, 123.54, 123.48, 
123.4 (Ar: C;n, Cn,' andAr': C^,, C^n' ) , 55.5 (OMe) , 45.1 
(CH2C(0) ) , . 35.6 (PdCHMe), 28.8, 28.5, 28 . 1 and 27.8 
(CHMe2, C'HMe2, C"HMe2, C "HMe2) , 25.6, 24.2, 23.1, 
23.0, 22.7, 22.3, 21.9, 21.3, and 21.3 (CHWeWe', 
C'HMeMe', C'HMeMe', C'HMeMe' and PdCHMe) . 

Fly^mpne 339-342 
The labeling scheme given in Examples 328-335 is 
also used for Examples 339-342. Spectral data for the 
BAF counterion is the same as given in Examples 328- • 
335. 

T, r^w-T^mr>e r-^i-iiT-p. NMi? observar i nn of t-PutYl 
.-^^ .n-,.^ romn iev Format ion r^elgt^ FoimiatiQh 

^^.>.^.r.^.ment. One . equiv of t-BuA was added to an 
NMR tube containing a 0.0323 M solution of {[(2,6-a- 
PrPh)2DABH2]PdMe(OEt2)}BAF in CD2CI2 (700 ^L.) at -78°C, 
and the tube was transferred to the precooled NMR 
probe. The olefin complex was observed at -80°C, and 
the probe was then warmed" to -70°C. After 1 h at -70° 
C, conversion io 5a(t-Bu) and 5'a(t-Bu) was almost 
complete, with small amounts (<10%) of the olefin 
complex and 4a.(t-Bu) still present. Conversion of . 
5a(t-Bu) to 6a(t-Bu) was followed at -10°C (ti/2~l h) . 
When this experiment was repeated using 5 equiv of t- 
BuA, conversion to 5a, 5'a and 6a was observed at -80° 
C. After allowing the solution to stand at rt for 5 
days, partial conversion to the unsubstituted 5- 
membered chelate 5-'a(t-.Bu) was observed. Spectral 
data for the olefin complex, 4a(t-Bu), 5a(t-Bu) and 
5-a(t-Bu) follow. spectral data for 5-a(t-Bu) and 
6a(t-Bu) are identical to that of the isolated chelate 
complexes (see Examples 328-335) . 
35 Fyfrnr"*^ 3 39 

{ [ (2 , 6-i-PrPh) 2DABHJ PdMe [H2C=CHC (O) O- t-Bu] }BAF . 
IH NMR (CD2CI2, 400 MHZ, -80iC) 5 8.45 and 8.30 (s, 1 
each N=C(H)-C' (H)=N), 7.4 - 7.2 (m, 6, Haryl) . 5.15 (d. 
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1 J - 15 3, HH'C=). 4.89 (dd, 1, J = 14-7, 8.4, 

' ,^ T - 7 7 HH'C=), 2.92, 2.90, 2.80 

-CHC(O)), 4 .61 (d, 1. J = 7 - /, ' ' 

" , ^ , each Cme2. C'HMe2), C"fiMe2 and 

and 2.64 (septets, 1 eacn, ^mi^^, , 
ana z . o-* v ^ n = _ 0 8 (doublets, 24, 

C'"HMe2). 1-31 (s, 9, OCMes). 1-5 0.8 lao 

CHMe2) , 0.60 (s, 3, PdMe) . 

Fly ample 34 a 

([(2 6-i-PrPh).DABH.lPd[CHEtC(0)0-t-Bu3}BAF 4a(t- 
Bu) ^ (CD2C12. 400 mi.. -70»C) 8 8.22 and 8.21 

(s 1 each, N=C(H)-C'(H)=N), 2.21 (d, 1, J = 9-2. 

, n -7-. fi- 3 J = 7.9, PdCH(CH2We) ) , 0.5 and - 
PdCHEt) , 0.71 .(t, 3, o 

0^4 (br m, 1 each, PdCH (CHH'Me) ) - 

Eyrrr"'^ ^41 



g ,[,2,S-i-PrPh),DABH,)P<i[CHMeCH2C(0)0-e-Bul)BAF 
B 5a(t-Bu) IH NMR (CD2C12, "0 MHz, -40-C) 8 8.28 a 

8.24 is. 1 euch, N.C(H,-C.(H).N), 7.4 - ^-'^ 
„ 3 44 3.32, 2.96 and 2.86 (septet, 1 each, 

^.'c-mJ.. C..«Me2, C...HMe2., 2 . 94 (dd X . - 
1-8 6 7 1. CHH'C(O)), 1.79 (pentet, 1, J - 6./, 
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ru 20 

25 



30 
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(doublets, 24,.CHMe2), 1.10 (=, 9, OCHea), 0.22 (d, 3, 
J = 6 . 9 , PdCHMe) . 

([(2,6 - i-PrPh) .DABH,] Pd [CH2CH2C (O) O- t-Bu] )BAF 

5..a(t-Bu). IHNMR (CD2C12, 400 MHz, rt) 5 2.40 (t, 2, 

J = 7.0, CH2C(0)), 1-65 (t, 2, J = 7.0, PdCH^) • 

T^^RtnplP- 343. 

The labeling scheme given in 

1 ->Ar, qnectral data for the BAt 
also used for Example 343. Spectra 

counterion is the same as given in Examples 328^- 

added to an NMR tube contaxn.ng a M 
n(2,6-i-PrPh).DABH.]PdMe(OEt2)}BAF (la) at-78.Cxn 

C02C12 (700 and the tube --^^/^f ^wt, 

-n^perature. . NMR spectrum -80 C ^sl. 
that FOA was not dissolved. The sampx 
warrn slightly as it was shaken again and 
spectrum was then acquired at -BO"C. Approximately 



327 



equal amounts of 5a(FOA) and 6a(FOA) were observed 
along with small amounts of the ether adduct la and FOA 
(an olefin complex was not observed) . Rearrangement of 
5a (FOA) to 6a (FOA) was observed at -40°C and was 
5 complete upon warming to -30°c: NMR spectral data for 
5a (FOA) follow. Spectral data for 6a (FOA) are 
identical with that of the isolated complex (vade 
supra) . 

10 PrPh) .Di^H'] Pd [CHMeCH2C (O) OCH2 (CF2) 6CF3] }BAF 5a (FOA) . 
IH NMR (CD2CI2, 300 MHZ. -40iC) 5 8.23 and 8.22 (s. 1 
each, N=C(H)-C' {H)=N), 3.47 (t, 2, JhF = 13-38, 
0CH2(CF2)6CF3), 3.20 (dd, 1, J = 19-25, 7.28, ^ 
CHH-CO) , 2.58 (pentet, 1, J = 6,99, PdCHMe) , ^'^^ 
15 1 J = 19.81, CHH'C(O)), 0.33 (d, 3, J = 6.88, PdCHMe). 
spectral data for the BAF counterion is the same as 
given in Examples 328-335. 

F.xaTPplf^ 344 
NMR Observation of {[(2,6-i- 
20 PrPh).DABH2]Pd[CHR-'CH2CH2C(0)OMe]}BAF and {[{2,6-i- 

PrPh) .DABH.] Pd [CH2CH2C (O) OMe] }BAF . A solution of 
{[(2,6-i-PrPh)3DABH2]PdMe(OEt2)}BAF (21.5 mg, 0.0150 

mmol) in 700 of CD2CI2 was prepared at -78°C. 
Ethylene (5 equiv) was added via gastight syringe and 
25 the tube was shaken briefly to dissolve the ethylene. 
Methyl acrylate (5 equiv) was then added to the 
solution, also via gastight microliter syringe, and the 
tube was shaken briefly again. The tube was 
transferred to the NMR probe, which was preceded to - 
30 80°C Resonances consistent with the formation. of the 
ethylene adduct { [ (2 , 6-i-PrPh) .DABH.] PdMe (H2C=CH2) }BAF 
were observed. The solution was warmed and ethylene 
insertion was monitored at -40 to -20''C. The 
consumption of one equiv of methyl acrylate occurred as 
35 the last equiv of ethylene disappeared, and resonances 
consistent with the formation of a substituted 6- 
membered chelate complex {[{2/6-i- 

PrPh).DABH.]Pd[CHR- •CH2CH2C(0)OMe]}BAF were observed 
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[8.30 and 8.29 (N=C (H) -C • (H) =N) , 3.17 (OMe) ] . The 
large upfield shift of the methoxy. resonance xs 
particularly diagnostic for formation of the 6-meTnbered 
chelate complex in these systems. The substituted 6- 
membered chelate complex was observed at -20.»C and 
initially upon warming to RT. After 2 h at RT, . 
decomposition of the substituted 6-membered chelate 
complex had begun. . After 24 h at RT, an additional 0^5 . 
equiv of MA had been consumed and triplets at 2.42 and 
[) 1 66 ppm, consistent with the formation of the 

unsubstituted 5-membered chelate complex {[{2,6-x- 

PrPh).DABH,]Pd[CH2CH-2C(0)OMe]}BAF, were observed. ; 

spectral, data for the BAF . counterion is the same as 

given in Examples 328-335. 

NMR Observation of {[(2,6-i- 
PrPh)3DABMe.]Pd(CHR"CH2CH2C(0)OMe]}BAF. The procedure 

of Example 344 was followed with analogous results 

resonances for the formation of a substituted 6- 

20 membered chelate complex { [(2,6- i- 

PrPh)3DABMe3]Pd[CHR"CH2CH2C(0)OMe]}BAF were observed 
following complete ethylene consumption [3.03 (s, OMe), 
3 12 2 96, 2.89, 2.83 (septets, CflMe2, C'HMes, C"HMe2 
and C."HMe2), 2.23 and 2.19 (s, N=C (Me) -C • (Me) =N) ] . 

25 Again, the large upfield shift of the methoxy resonance 
is diagnostic for the formation of the six-membered 
chelate complex. The observation of four i-propyl 

t-wr^ 1-nroDvl methine resonances 
methine resonances (vs. two x propyx 

in the unsubstituted six-membered chelate complex) 
30 reflects the asymmetry introduced in the molecule due 

to the introduction of the R' ' substituent on Ca of the 
chelate ring and further supports the proposed 
structure. Spectral data for the BAF. counterion xs the 
same as given in Examples 328-335. 

PrPh)!D^HjPd(H2C=CH2) [CH2CH2CH2C (O) OMe] )BAF. 
Ethylene was transferred at -78''C via gastight 
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microliter syringe to an «MR tube containing a CD^Cla 

- . 4= f-helate complex {[(2, 6-1- 

™:.,trv-.-';ri:v'ur.'r,'" ...... 

^ I3 (bl's 4 H2C-CH2), 3.10 (m, 2, CHMe^) . 2.70 (m. 

3.43 (Jor s, ^ 1 oc 1 16 1.09 and 

2 C'-HMea), 2.20 (m, 2, CH2C(0)), 1-25, ^-^^'J;- 

. ;r \;rtc.>^'^'i^"anV.r.;!r;:./ci.3c>, 

(JCH = 179, N-C J, . ^^^^ 

15 138.5 and 138.1 (Ar, Ar': Co), 128.5 ^ 
AT. - Cp), 124.1 and 124..0 (Ar, Ar- : Co), 122.9 (JCH 
r59:3,^ree U^C-C,^ , ^0.2 (.CH = 158.6 bound 
T^oC-CH9) 53.0 (OMe), 36.5, 33.0 and 22.6 

,0 ana a... ----;;™ra -girn tn H.a.ples 

the BAF counterion is the same ay 

328-335. 

,5 PrPh, iD^'Me;, Va <H.C-CH. , t (CH.CH2CH.C (O, OMe, ) BAF . 

30 the ethylene ^^'^^f^'^^^^^Jl^^^^, of ethylene, this 
and in the presence of a large „„^ence of at 

complex couia only be "-^^^ ^/^LCILg six- 

^-r ^: ri::r 300 l., iv.«k, .. . 

membered chelate. ^ a HoC=CH?) , 

- TT t\ 4 31 (br s, 4, W2'--^"^' ' 
-55 7 35 - 7.19 (m, 6, Haryl) ' ^-^-^ ^ 
3 45 <s. 3, OMe), 2.73 - 2.54 (m, 4, C«Me2>, 2.38 
,'22 (s 3 each, N-C (Me) -C (Ke) -N) , 1.64 (m, 2 

-r c rHMeMe''). From the 
CH2C(0)), 1.02 (d, 6, J = 6, CH^feMe 
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available H,H-COSY data, the remaining PdCH2CH2CH2C (O) - 
and CHMe-signals could not be unambiguously assigned, 
due to the presence of the six-membered chelate. 
Spectral data for the BAF counterion is the same as 
5 given in Examples 328-335, 

g^^ampl^ 349 

{[(2,6-i- 

PrPh) sDABAn] Pd(H2C=CH2) [CH2CH2CH2C (O) OMe] }BAF, 
Ethylene was transferred at -7B°C via gastight 
10 microliter syringe to an NMR tube containing a CD2CI2 
solution of the chelate complex {[(2,6-i- 

PrPh)2DABAn]Pd(CH2CH2CH2C(0)OMe)]BAF. NMR data for the 
p: ethylene . complex follow; it was observed in equilibrium 

with the starting chelate complex: .^H NMR (CD2CI2/ 3 00 
r! 15 MHz, 178°K) : 5 8.06 and 8.02 (d, J = 8, 1 each/ An and 

W An' : Hp and H'p) , 7.50 - 7.38 (m, 8, An and An' : H'^^ 

and Hjn/ Ar : H^ and Hp ), 6.48 (d, J = 7, 2 , An and 
r - An': Hq and H'q)/ 4.56 (br s, 4, H2C=CH2), 3.45 (s, 3, 

Q OMe), 2.99 and 2.91 (m, 2 each, CJyMe2 and C'HMe2)/ 1-77 

fU 20 (m, 2, CH2C(0)), 1.29, 1.27, 0.82 and 0.77 (d, J = 6 - 

7, 6 each, CHATeMe ' , ' C ' HMeMe ' ) . H,H-COSY reveals that 
the remaining PdCH2CH2CH2C (O) -signals are obscured by 
the CHMe-signals at 1 . 2 ppm. Spectral data for the BAF 
counterion is the same as given in Examples 328-335. 
25 Example 34 9 

{[{2,6-i- 

PrPh)2DABH2]Pd[CH2CH2CH2C(0)OCH2(CF2)6CF3] (H2C=CH2) }BAF 

Ethylene (0.78 equiv) was added via gastight 
microliter syringe to a 0.0105 M solution of the 
30 chelate complex {[{2,6-i- 

PrPh)2DABH2]Pd[CH2CH2CH2C(0)OCH2(CF2)6CF3] } B AF in 
CD2CI2 (700 jiL) . NMR data for the ethylene complex 
. follow; it was observed in equilibrium with the 
starting chelate complex: ^H NMR (CD2CI2, 300 MHz, 
35 213. 0°K) 8 8.40 and 8.25 (N=C (H) -C ' (H) -N) , 7.5 - 7.1 

(m, 6, Haryl). 4.50 (t, 2, Jhf = 13.39, OCH2 (CF2 ) 6CF3 ) , 
4.41 Cs, 4, H2C=CH2) , 2.94 and 2.70 (septet, 2 each, 
CfiMe2/ C'HMe2)/ 1.80 (t, 3, CH2C (O) ) , 1.4 - 1.0 
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(CHMeMe ' , C ' HMeMe ' . PdCH2CH2CH2C (O) ) . Spectral data 
for the BAF counterion is the same as given in Examples 
328-335. 

A 12 mg (0.02 mmol) sample of [(2,6-i- 
PrPh)2DABAn]NiBr2 was placed in a 25' mL high pressure, 
cell The reactor was purged with argon. The reactor 
was cooled = to O^C before 2 mL of a 10 % MAO solution in 
toluene was added under a positive argon purge. The 
reactor was filled (3/4 full) with liquid CO2 (4.5 MPa) 
and a 689 kPa head pressure of ethylene was added by 
continuous flow. A" 6 degree exotherm was observed. A; 
layer of polyethylene formed immediately at the 
ethylene CO2 interface. After 20. minutes, the cell was 
vented and the polyethylene removed from the reactor. 
The polymer was dried in vacuo for several hours, 
polyethylene (2.05 g) was isolated; Mn = 597.000, Mw/Mn 
=2.29, Tm = 128°C. This example demonstrates the 
applicability. of liquid CO2 as a solvent for 
polymerization in these catalyst systems. 

p-i^a^pl P 3 51 
A 12 mg (0.02 mmol) sample of [(2,6-a- 
PrPh)2DABAn]NiBr2 was placed in a 25 mL high pressure 
cell and the reactor was purged with argon. The 
reactor was heated to 40°C and 2 mL of a 10 % MAO 
solution in toluene was added. CO2 (20.7 MPa) and 
ethylene (3.5 MPa, continuous flow) was then added to 
the reactor- Polyethylene began adhering to the 
sapphire window within minutes. After 2 0 minutes, the 
cell was vented and the polyethylene removed from the 
reactor. The polymer was dried in vacuo for several 
hours. Polyethylene (0.95 g) was isolated; Mn - 
249,000,. Mw/Mn = 2.69, Tn, = 113°C. This example 
demonstrates the applicability of supercritical CO2 as 
35 a solvent for polymerization in these catalyst systems, 

Fiyflmple 352 

A Standard solution of [ (2, 6-i-PrPh) 2DABAn] NiBr2 
was prepared as follows: i , 2-dif luorobenzene (10 mL) 
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was added to 6 . 0 mg of [ (2 , 6-i-PrPh) 2 DABAn] NiBr2 (8.4 
X 10"^ mol) in a 10 mL volumetric flask. The standard 
solution was transferred to a Kontes flask and stored 
under an argon atmosphere . 

A 1000 mL Parr® stirred autoclave under an argon 
atmosphere, was charged with 1 mL of a standard 
solution of [ (2, 6-i-PrPh) 2DABAn] NiBr2 (8.3x10-7 mol), 
and 2 00 mL of dry, deaerated toluene. The reactor was 
purged with ethylene before addition of 2 mL of a 10% 
MAO solution in toluene. The autoclave was rapidly 
pressurized with ethylene to 1.4 MPa as the internal 
temperature increased from 25**C to 45**C within seconds I 
Activation of the internal cooling system returned the 
reactor temperature to 30°C. After 10 minutes, the 
ethylene was vented and acetone and water were added to 
quench the reaction. Solid polyethylene was recovered 
from the reactor collected and washed with 6 M HCl, 
H2O, and acetone. The resulting polymer was dried 
under high vacuum overnight to yield 7.0 g (1.8x10^ 
TO/h) of polyethylene. Differential scanning 
calbrimetry: Tm = 118°C (133 J/g) . Gel permeation 
chromatography ( trichlorobenzene 135°C, polystyrene 
reference, results calculated as polyethylene using 
universal calibration theory): Mn = 470,000; Mw = 
1,008,000; Mw/Mn = 2.14. ^^c-NMR analysis: total 
methyls/1000 CH2 (27.6), methyl (21.7), ethyl (2.6), 
propyl ( . 7 ) , butyl ( 1 ) , amyl ( . 4 ) . 

Example 3 53 

A 10 0 0 mL Parr® stirred autoclave under an argon 
atmosphere, was charged with 1 mL of a standard 
solution of [ (2,6-i-PrPh)2DABAn]NiBr2 (8.3x10-7 mol), 
and 200 mL of dry, deaerated toluene. The reactor was 
purged with ethylene before addition of 2 mL of a 10% 
MAO solution in toluene. The autoclave was rapidly 
pressurized with ethylene to 2.8 MPa as the internal 
temperature increased from 2 5*^0 to 4 8°C within seconds. 
Activation of the internal cooling system returned the 
reactor temperature to -3 0®C. After 10 minutes, the 
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ethylene was vented and acetone and water were added to 
quench the reaction. Solid polyethylene was recovered 
from the reactor collected and washed with 6 M HCl, 
H2O, and acetone. The resulting polymer was dried 
under high vacuum overnight to yield 8.85 g (2.3x10^ 
TO/h) of polyethylene. DSC: Tm = 122°C. GPC 
(trichlorobenzene, 13 5*^0, polystyrene reference, 
results calculated as polyethylene using universal 
calibration theory) : Mn = 485,00.0; Mw = 1,042,000; 
Mw/Mn = 2.15. l^C-NMR analysis: total methyls/1000 
CH2 (21.3), methyl (16.3), ethyl (2.1), propyl (0.7), 
butyl (0.9), amyl (0.2). ■ 

Example 3 54 

A 1000 mL Parr® stirred autoclave under an argon 
atmosphere, was charged with 1 mL of a standard 
solution of [ (2,6-i-PrPh)2DABAn]NiBr2 (8.3x10-'^ mol) , 
and 200 mL of dry, deaerated toluene • The reactor was 
purged with ethylene before addition of 2 mL of a 10% 
MAO solution in toluene. The autoclave was rapidly 
pressurized with ethylene to 4.1 MPa as the internal 
temperature increased from 25°C to 4 5°C within seconds. 
Activation of the. internal cooling system returned the 
reactor temperature to ^30''C. After 10 min, the 
ethylene was vented and acetone and water were added to 
quench the reaction. Solid polyethylene was recovered 
from the reactor collected and washed with 6 M HCl , 
H2O, and acetone. The resulting polymer was dried 
under high vacuum overnight to yield 7.45 g (1.9x10^ 
TO/h) of polyethylene. DSC: Tm = 126°C. GPC 

(trichlorobenzene, 13 5''C, polystyrene reference, 
results calculated as polyethylene using universal 
calibration theory): Mn = 510,000; Mw = 1,109,000; 
Mw/Mn = 2.17. l^c-NMR analysis: total" methyls/1000 
CH2 (5.1), methyl (5.1), ethyl (0), propyl (0), butyl 

(0) , amyl (0) . 

P.yample 3 55 
A 1 mg (1.7x10-^ mol) sample of [{2,6-i- 
PrPh) 2DABH2] NiBr2 was placed in a Parr® 1000 mL 
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' Stirred autoclave under argon. The autoclave was 
sealed and 2 00 mL of dry toluene was added. The 
reactor was purged. with ethylene before addition of 1.5 
mL of a 10% MAO solution in toluene. The autoclave was 
5 rapidly pressurized with ethylene to 1.4 MPa as the 

internal temperature increased' from 2S^C to 45°C within 
seconds. Activation of the internal cooling system 
returned the reactor temperature to -BO^C . . After 10 
min, the ethylene was vented and acetone and water were 
10 added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
M HCl, H2O, and acetone. The resulting polymer was ■ 
dried under high vacuum overnight to yield 14 . 1 g 
{1..8xl0^ TO/h) of polyethylene. DSC: Tm = 126°C (151 



O 15 J/g) . GPC (trichlorobenzene, 135*^0, polystyrene 



reference, results calculated as polyethylene using 
universal calibration theory): Mn = 32,000; Mw = 
89,000; Mw/Mn =2.75. 

EJ^ample 35? 

20 A 1 mg (l.TxlO"^ mol) sample of [(2,6-i- 

PrPh) 2DABH2] NiBr2 was placed in a Parr® 1000 mL 
stirred autoclave under argon. The autoclave was 
sealed and 200 mL of dry toluene was added. The . 
reactor was purged with ethylene before addition of 1.5 

25 mL of a 10% MAO solution in toluene. The autoclave was 
rapidly pressurized with ethylene to 2.1 MPa as the 
internal temperature increased from 25°C to 50°C within 
seconds. Activation of the internal cooling system 
returned the reactor temperature to '-3 0°C. After 10 

30 min, the ethylene was vented and acetone and water were 
added to que.nch the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
M HCl, H2O, and acetone. The resulting polymer was 
dried under high vacuum overnight to yield 16.1 g 

35 (2x10^ TO/h) of polyethylene. DSC: Tm = 129*'C (175 
J/g) . GPC (trichlorobenzene, 135*^0, polystyrene 
reference, results calculated as polyethylene using 
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universal calibration theory): Mn = 40,000; Mw = 
89, 000; Mw/Mn = 2 .22 . 

A 1.2 mg (1.9x10"^ mol) sample of [(2,6-i- 
PrPh) 2DABMe2] NiBr2 was placed in a Parr® 1000 mL 
stirred autoclave under argon. The autoclave was 
sealed and 2 00. mL of dry toluene was added. The 
reactor was purged with ethylene before addition of 2.0 
mL of a 10% MAO solution in toluene. The autoclave was 
rapidly pressurized with ethylene to 1.4 MPa as the 
internal temperature increased from 24*^0 to 31°C within 
seconds. Activation of the internal cooling system 
returned the reactor temperature to -^S^'C. After 12 
min, the ethylene was vented and acetone and water were 
added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
M HCl, H2O, and acetone. The resulting polymer was 
dried under high vacuum overnight to yield 8 g (9x10^ 
TO/h) of polyethylene. DSC: Broad melt beginning 
approximately 0°C with a maximum at 81°C (25 J/g) . GPC 
(trichlorobenzene, 13 5 polystyrene reference, 

results calculated as polyethylene using universal 
calibration theory): Mn =468,000; Mw = 1,300,000; 
Mw/Mn = 2.81. l^c-NMR analysis: total methyls/1000 
CH2 (46.6), methyl (37.0), ethyl (2.4), propyl (1.6), 
butyl (1.3), amyl (1.4).- 

Example 3 58 
A 1.2 mg (1.9x10"^ mol) sample of [(2,6-i- 
PrPh) 2DABMe2] NiBr2 was placed in a Parr® 1000 mL 
stirred autoclave under argon. The autoclave was 
sealed and 20 0 mL of dry toluene was added. The 
reactor was purged with ethylene before addition of 2.0 
mL of a 10% MAO solution in toluene. The autoclave was 
rapidly pressurized with ethylene to 2 . 8 MPa as the 
internal temperature increased from 24*^0 to 34°C within 
seconds. After 12 min, the ethylene was vented and 
acetone and water were added to quench the reaction. 
Solid polyethylene was recovered from the reactor 
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collected and washed with 6 M HCl, H2O, and acetone. 
The resulting polymer was dried under high vacuum 
overnight to yield 6.5 g (6xlo5 TO/h) of polyethylene. 
DSC- Broad melt beginning approximately 60°C with a 
maximum at lOS^C (80 J/g) . GPC (trichlorobenzene , 135° 
C polystyrene reference, results calculated as 
polyethylene using universal calibration theory) : Mn - 
616,000; Mw = 1,500,000; Mw/Mn = 2.52. 13c-NMR 
analysis: total methyls/1000 CH2 (32.0), methyl 
(24.6), ethyl (2.6), propyl (1.3), butyl (0.6), amyl 
(1.3). 

T^-n-'Tfi?"' ^ 3 59 : 
A 1.2 mg (1.9x10-6 raol) sample of [(2,6-i- 
PrPh) 2DABMe2] NiBr2 was placed in a Parr® 1000 mL 
stirred autoclave under argon. The autoclave was 
sealed and 200 mL of dry toluene was added. The 
reactor was purged with ethylene before addition of 2 
ml. of a 10% MAO solution in toluene. The autoclave was 
rapidly pressurized with ethylene to 4 . 1 MPa . After 12 
20 min, the ethylene was vented and acetone and water were 
added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed wxth 6 
M HCl, H2O, and acetone. The resulting polymer was ^ 
dried under high vacuum overnight to yield 7.2 g (7x10 
25 TO/h) of polyethylene . GPC (trichlorobenzene, 135 iC 
polystyrene reference, results calculated as 
polyethylene using universal calibration theory) : Mn = 
800,000; Mw = 1,900,000; Mw/Mn = 2.43. l^c-NMR, 
analysis: total methyls/1000 CH2 (18.7), methyl 
(14.9), ethyl (1.7), propyl (1.1), butyl (0.3), amyl 
(0.4) . 

^Tfnmp"'^ 360 
A 1 5 mg (2.4x10-6 mol) sample of [(2,6-i- 
PrPh)2DABMe2]NiBr2 and 200 mL of dry toluene was added 
35 to a Parr® 1000 mL stirred autoclave under an argon 

atmosphere. The reactor was heated to 50OC and purged 
with ethylene before addition of 3.0 mL of a 7% MMAO 
solution in heptane. The autoclave was rapidly 
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pressurized with ethylene to 690 kPa. After 10 min, 
the ethylene was vented and acetone and water were 
added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
5 M HCl, H2O, and acetone. The resulting polymer was 
dried under high vacuum overnight to yield 6.25 g 
(6xl05 TO/h) of polyethylene. DSC: Broad melt 
beginning approximately -25*^0 with a maximum at 50*^0; 
m ^ -36°C.' GPC (trichlorbbenzene, 135 iC, polystyrene 
10 reference, results calculated as polyethylene using 
'universal calibration theory): Mn = 260,000; Mw = 
736,000; Mw/Mr =2.83. 

RyfT^pIp^ 361 
A 1.5 mg (2.4x10-6 mol) sample of [(2,6-i- 
15 PrPh) 2DABMe2]NiBr2 and 200 mL of dry toluene was added 
to a Parr® 1000 mL stirred autoclave under an argon 
atmosphere. The reactor was heated to 65°C and purged 
with ethylene before addition of 3.0 mL of a 7% MMAO . 
solution in heptane. The autoclave was rapidly 
20 pressurized with ethylene to 690 kPa . After 10 min, 
the ethylene was vented and acetone and wat'er were 
added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
M HCl, H2O, and acetone. The resulting polymer was 
25 dried under high vacuum overnight to yield 7.6 g (7x10^ 
TO/h) of polyethylene. DSC: Broad melt beginning 
approximately -5 0°C with a maximum at 24°C. GPC 
(trichlorobenzene, 13 5°C, polystyrene reference, 
results calculated as polyethylene using universal 
30 calibration theory): Mn = 176,000; Mw = 438,000; Mw/Mn 
= 2.49. 

Flxamplg 362 
A 1.5 mg (2.4x10-6 mol) sample of [(2,6-i- 
PrPh) 2DABMe2]NiBr2 and c200 mL of dry toluene was added 
35 to a Parr® 10 0 0 mL stirred autoclave under an argon 

atmosphere. The reactor was heated to 80''C and purged 
with ethylene before addition of 3 . 0 mL of a 7% MMAO 
solution in heptane. The autoclave was rapidly 
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pressurized with ethylene to 690 kPa. After 10 min. 
the ethylene was vented and acetone and water were 
added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
M HCl, H20, and acetone. The resulting polymer was 
dried under high vacuum overnight to yield 1.0 g 
(0.9x105 TO/h) of polyethylene. DSC: Broad melt 
beginning approximately -SO^C- with a maximum at -1.2'>C. 
GPC (trichlorobenzene, 

13 5°C, polystyrene reference, results calculated as 
polyethylene using universal calibration theory): Mn = 
153,000; Mw = 273,000; Mw/Mn =1.79. 

A 1.5 mg. (2.4x10-6 mbl) sample of [(2,6-i- 
PrPh)2DABMe2]NiBr2 and 200 mL of dry toluene was added 
to a Parr® 1000 mL stirred autoclave under an argon 
atmosphere. The reactor was heated to 80°C and purged 
with ethylene before addition of 3 . 0 mL of a 7% M^4AO 
solution in heptane. The autoclave was rapidly 
pressurized with ethylene to 2 . 1 MPa . After 10 min, 
the ethylene was- vented and acetone and water were 
added to quench the reaction. Solid polyethylene was 
recovered from the reactor collected and washed with 6 
M HCl, H20, and acetone. The resulting polymer was 
dried under high vacuum overnight to yield 1.05 g 
(0.9X105 TO/h) of polyethylene. DSC: Broad melt 
beginning approximately -25°C with a maximum at 36°C. 

T^.yample 3 64 

A standard solution of [ (2 , 6-i-PrPh) sDABAn] NiBr2 
was prepared as follows:, i , 2-dif luorobenzene (10 mL) 
was added to 6.0 mg of [ (2 . 6 -i-PrPh) 2DABAn] NiBr2 
(8 4x10-6 nioi) in a 10 mL volumetric flask. The 
standard solution was transferred to a Kontes flask and 
stored under an argon atmosphere. 

A 250 mL Schlenk flask was charged with 1 mL of a 
standard solution of [ (2 , 6-i-PrPh) 2DABAnl NiBrs (8 . 3x10" 
7 mol), and 100 mL of dry, deaerated toluene. The 
flask was cooled to -20°C in a dry ice isopropanol bath 
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and filled with ethylene (100 kPa, absolute) before 
addition of 1.5 mL of a 10% MAO solution in toluene. 
After 30 min, acetone and water were added to quench 
the reaction. Solid polyethylene was recovered from 
the flask collected and washed with 6 M HCl, H2O, and 
acetone. The resulting polymer was dried under high 
vacuum overnight to yield 0.8 g (7xlo4 TO/h) of 
polyethylene. GPC (trichloirobenzene , 135°C, 
polystyrene reference, results calculated as 
polyethylene lasing universal calibration theory) : Mn = 
519,000; Mw = 768,000; Mw/Mn = 1-48. 

Kyr'"'P''P- 3 65. 

A 250 mL Schlenk flask was charged with 2 0 mg of 
[(2,6-i-P.rPh)2DABMe2]NiBr2 (3.2x10-5 mol) , and 75 mL of 
dry, deaerated toluene. The flask was cooled to 0°C 
filled with propylene (100 kPa absolute) before 
addition of 1.5 mL of a 10% ^4A0 solution in toluene. 
After 3 0 min, acetone and water were added to quench 
the reaction. Solid polypropylene was recovered from 
the flask and washed with 6 M HCl, H2O, and acetone. 
The resulting polymer was dried under high vacuum 
overnight to yield 0.15 g polypropylene. DSC: Tg = -31 
"C. GPC (trichlorobenzene, 135''C, polystyrene 
reference) : Mn = 25,000; Mw = 37,000; Mw/Mn = 1.47. 

Pvampl 3 66 
Cycldpentene (16 ^L, 10 eq) was added to a 
suspension of [ (2 , 6-i-PrPh) 2DABAn] NiBr2 (12 mg, 1.6x10" 
5 tnol) in 50 mL of. dry toluene. A 10% MAO solution 
(1.5 mL) in toluene was added and the homogenous 
mixture stirred for 2 h at 25°C. After 2 h, the flask 
was filled with ethylene (100 kPa, absolute) and the 
reaction stirred for 15 min. Acetone and water were 
added to quench the polymerization and precipitate the 
polymer. Solid polyethylene was recovered from the 
flask collected and washed with 6 M HCl, H2O, and 
acetone. The resulting polymer was dried under high 
vacuum overnight to yield 3.6 g (32,000 TO/h) 
polyethylene. GPC: (trichlorobenzene, 13 5''C, 
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polystyrene reference, results calculated as 
polyethylene using universal calibration theory) : Mn = 
87,000; Mw = 189,000; M„/Mn = 2.16. A control 
experiment was run under identical conditions to that 
described above except no cyclopentene was added to 
stabilize the activated nickel complex. Polyethylene 
(380 mg, 3500 TO/h) was isolated. This example 
demonstrates the applicability of the Ni agostic cat.on 
as a potential soluble stable initiator for the 
polymerization of ethylene and other olefin monomers. 

l-Hexene (3 mL', 6 vol %) was added to a suspension' 
of [(2,6-i-PrPh)2DABAn]NiBr2 (12 mg, 1.6x10-5 ^ol) in 
50 mL of dry toluene. The flask was cooled to -20°C xn 
a dry ice isopropanol bath and 1 . 5 mL of a 10% MAO 
solution in toluene was added. After stirring the 
reaction for 1.5 h, acetone and water were added to 
quench the polymerization and precipitate the polymer, 
solid poly(l-hexene) was recovered from the flask 
collected and washed with 6 M HCl, H2O, and acetone. 
The resulting polymer was dried under high vacuum 
overnight to yield 200 mg poly (1-hexene) . GPC 
(trichlorobenzene, 135°C, polystyrene reference) : Mn = 
44,000; Mw = 48,000; Mw/Mn = 1-09. 
25 ^ymTi?"' ^ 36 8 

l-Hexene (2.5 mL-, 6 vol %) was added to a ^ 
suspension of [ (2 , 6-i-PrPh) zDABAn] NiBrs (6mg% 8.3x10 
n^ol) in 50 mL of dry toluene. The flask was cooled to 
-10°C in a dry ice isopropanol bath and 1 . 5 mL of a 7< 
MMAO solution in heptane, was added. After stirring the 
reaction for 1 h, acetone and water were added to 
quench the polymerization and precipitate the polymer, 
solid poly (1-hexene) was recovered from the flask and 
washed with 6 M HCl, H2O, and acetone. The resultxng 
polymer was dried under high vacuum overnight to yiLeld 
250 mg poly (1-hexene) . GPC (dichlorome thane, 
polystyrene reference) : Mn = 51.000; Mw = 54,000; 
Mw/Mn = 'l-OS. 
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Propylene (1 atm) was added to a Schlenk flask 

■:^r, r>-F r(2 6-i-PrPh) 2DABAn]NiBr2 
charged with a suspension of 112,6 i f rir-w ^ 

(12 mg. 1.7x10-5 ^ol) in 50 mL of dry toluene after 
cooling the mixture to-lS^C in a dry ice ^^op^^^^nol 
bath A 7% MMAO solution in heptane was added. After 
stirring the reaction for 30 min, acetone and water 
were added to quench the polymerization and prec.pxtate 
the polymer. Solid polypropylene was recovered from 
the flask and washed with 6 M HCl, H2O, and acetone. 
The resulting polymer was dried under high vacuum 
overnight to yield 800 mg polypropylene. GPC 
(dichloromethane, polystyrene reference): Mn = 84,000, 
Mw = 96,000; Mw/Mn =1-14 

Propylene (100 kPa, absolute) was added to a 
schlenk flask charged with a suspension of t(2,6-a- 
PrPh)2DABAn]NiBr2 (12 mg, 1.7x10-5 „,ol) in 50 mL of dry 
toluene. After cooling the mixture to -15iC in a dry 
ice isopropanol bath, a 7% MMAO solution in heptane was 

4-v,«i -K-oar-r ion for 30 min, 5 mL or 
added. After stirring the reaction tor 

dry 1-hexene was added and the propylene removed m 
vacuo. The polymerization was allowed to stir for an 
additional 30 min before acetone and water were added 
to quench the polymerization and precipitate the 
polymer. Solid polypropylene-b-poly (1-hexene) was 
Lcl^ered from the flask and washed with 6 M HCl H2O, 
and acetone. The resulting polymer was dried under . 
high vacuum overnight to yield 1.8 g polypropyl^ne-i,- • 
poly (1-hexene). GPC (dichloromethane, polystyrene 
reference): Mn = 142,000; Mw = 1^5,000; Mw/Mn =1.16. 
IH-NMR analysis: indicates the presence of both a 
polypropylene and poly (1-hexene) block. ^H-NMR also 
suggests that the DP of the propylene " block is 
substantially higher than the DP of the 1-hexene block. 
DSC analysis: Tg = -IS^C corresponding to the 
polypropylene block. No other transitions were 
observed. 
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T=;yamp1er 371 
l-Octadecene (4 mL. 8 vol %) was added to a 
suspension of [ (2 , 6-i-PrPh) 2DABAn] NiBrs (12 mg, 1.6x10- 
5 mol) in 5 0 ml. of dry toluene. The flask was cooled 
to -10°C in a dry ice isopropanol bath and 2 mL of a 7% 
MMAO solution in heptane was added. After stirring the 
reaction for 1 h, acetone and water were added to 
quench the polymerization and precipitate the polymer, 
solid poly(l-octadecene) was recovered from the flask 
collected and washed with 6 M HCl, H2O, and acetone. 
The resulting polymer was dried under high vacuum 

overnight to yield 200 mg poly (1-octadecene) . GPC ; 

(trichlorobenzene, 135°C, polystyrene reference) :^ Mn = 

19.300; Mw = 22,700; Mw/Mn = 1-16- DSC: Tn, - 37°C. 

IH-NMR (CDC13) analysis 47 branches/1000 C (theoretical 

56 branches/lQOO C) . 

F,-frfiTTip1 372 
A 12-mg (.022 mmol) sample of [ (para -Me - 
Ph)2DABMe2]NiBr2 was placed in a Parr® 1000 mL stirred 
autoclave under an argon atmosphere with 200 mL of dry 
toluene (reactor temperature was 65°C) . The reactor 
was purged with ethylene and 1.5 mL (100 eq) of a 10% 
MAO solution in toluene was added to the suspension. 
The -autoclave was rapidly pressurized to 5 . 5 MPa and 
the reaction was stirred for 60 min. A 15»C exotherm 
was observed. The oligomerization was quenched upon 
addition of acetone and water. The solvent was removed 
in vacuo resulting in 20 g of ethylene oligomers. H- 
NMR (CDCI3) analysis 83% a-olefin. 

FT^^nplp^ 373 

A 12-mg (.022 mmol) sample of [PhsDABAn] NiBrz was 
placed in a Parr® 1000 mL stirred autoclave under an 
argon atmosphere with 200 mL of dry toluene (reactor 
temperature was 55°C) . The reactor was purged wxth 
ethylene and 2 mL (100 eq) of a 7% MMAO solution xn 
heptane was added to the suspension. The autoclave was 
rapidly pressurized to 5 . 5 MPa and the reaction was 
stirred for 60 minutes. A IB^C exotherm was observed. 
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The oligomerization was quenched upon addition of 
acetone and water. The solvent was removed in vacuo 
resulting in 26 g (corrected for loss of C4 , Cg, and Cs 
during work-up) of ethylene oligomers. ^H-NMR (CDCI3) 
and GC analysis: Distribution: C4-C18, C4 = 6.0%, = 
21%, C8 =^ 22%, Cio = 17%, C12 - 16%, C14 = 13%, C16 = 
5%, C18 = trace; 90% a-olefin. 

Example 374 

A 12-mg (.022 mmol) sample of [Ph2DABAn] NiBr2 was 
placed. in a Parr® 1000 mL. stirred autoclave under an 
argon atmosphere with 200 mL of dry toluene (reactor 
temperature was 4 5°C) . The reactor was purged with 
ethylene and 2 mL (100 eq) of a 7% MMAO solution in 
heptane was added to the suspension- The autoclave was 
rapidly pressurized to 5.5 MPa and the reaction was 
stirred for 6 0 min. The oligomerization was quenched 
upon addition of acetone and water. The solvent was 
removed in. vacuo resulting in 32 g (corrected for loss 
of C4, Cs, and Ca during work-up) of ethylene, 
oligomers. ^H-NMR (CDCI3) and GC analysis: 
Distribution: C4-C20, C4 - 9.0%, = 19%, Cs = 19%^ 

Cio = 15%, C12 = 14%, Ci4 = 11%, C16 - 5%, C18 = 4%, 
C20 = 2%; 92% a-olefin. 

F.xample 3 75 

A 12-mg (.022 mmol) sample of [ (Ph) DABAn] NiBr2 was 
placed in a 1000 mL stirred autoclave under an argon 
atmosphere with 200 mL of deaerated toluene (reactor 
temperature was 2 5°C) . The reactor was purged with 
ethylene and 2 mL (100 eq) of a 10% MAO solution in 
toluene was added to the suspension. The autoclave was 
rapidly pressurized to 2 . 1 MPa and the reaction was 
stirred for 3 0 min. A 20^C exotherm was observed. The 
oligomerization was quenched upon addition of acetone 
and water. The solvent was removed in vacuo resulting 
in 16. Ig of a fluid/waxy mixture (50,000 TO/h based on 
isolated oligomer) . ^H-NMR (CDCI3) analysis- 80% a- 
olefin. Distribution of isolated oligomers by GC 
analysis: Cio = 20%, C12 = 28%, C14 = 23%, Cig = 15%, 
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Ci8 = 10%, C20 = 4%. All C4. Ce, Ca and some Cio was 
lost during work-up. 

A 12-mg (.022 mmol) sample of [ (Ph) DABAn] NiBr^ was 
5 placed in a 1000 mL stirred autoclave under an argon 
atmosphere with 200 mL of deaerated toluene (reactor 
temperature was 25°C) . The reactor was purged with 
ethylene and 2 mL (100 eq) of a 10% MAO solution in 
toluene was added to the suspension. The autoclave was 
10 rapidly pressurized to 4 . 1 MPa and the reaction was 

stirred for 60 minutes. A 20°C exotherm was observed. 
The oligomerization- was quenched upon addition of 
' acetone and water. The solvent was removed in vacuo 
. resulting in 28.3g of crude product (50,000 TO/h based 
15 on isolated oligomer) . Trace Al was removed by an 

aqueous/organic work-up of the crude mixture. ^H-NMR 
(CDCI3) analysis 85% a-olefin. Distribution of 
isolated oligomers by GC analysis: Cio = 13%, C12 - 
30%, C,4 = 26%, C,, = 18%, Ci8 = 10%, C20 = 3%. All , 
20 Ce, Ce and some Cio was lost during work -up. 

FlXfTTipl^ 3 77 

A 12-mg (.022 mmol) sample of [ (Ph) DABAn] NiBr^ was 
placed in a 1000 mL stirred autoclave under an argon 
atmosphere with 2 00 mL of deaerated toluene (reactor 
25 temperature was 25°C) . The reactor was purged wxth- 
ethylene and 2 mL (100 eq) of a 10% MAO solution xn 
toluene was added- to the suspension. The autoclave was 
rapidly pressurized to 6.7 MPa and the reaction was 
stirred for 60 min. A 15°C exotherm was observed. The 
30 oligomerization was quenched upon addition of acetone 

and water. The solvent was removed in vacuo resulting 
in 21 6g of crude product (40,000 TO/h based on 
isolated oligomer) . ^H-NMR (CDCI3) analysis 93% a- 
olefin Distribution of isolated oligomers. by GC 
35 analysis: C.o = 13%, C,^ = 27%, = 26%, C,, = 18%, 

C,8 = 12%,- C20 = 5%. All C4, C„ Ce and some C,o was 
lost during work-up. 
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F.yfiTTiple 379 

A 12-mg (.022 mmol) sample of [PhzDABAn] NiBrz was 
placed in a 1000 mL stirred autoclave under an argon 
atmosphere with 200 mL of dry toluene (reactor 
temperature was 50°C) . The reactor was purged with 
ethylene and 2 mL (100 eq) of a 10% MAO solution in 
toluene was added to the suspension. The autoclave was 
rapidly pressurized to 5 . 5 MPa and the reaction was 
stirred for 60 minutes. A 15°C exotherm was observed. 
The oligomerization was quenched upon addition of 
acetone and water. The solvent was removed in vacuo 
resulting in 22. 3g of crude product (40,000 TO/h based : 
on isolated oligomer) . ^H-NMR (CDCI3) analysis 92% a- 
olefin. Distribution of isolated oligomers by GC 
15 analysis: do = 10%, C.^ = 28%, C^, = 25%, C^s = 19% ^ 
C18 = 12%, C20 = 6%. All C4, Cs, Ca and some C^o was 

lost during work-up. 

T^-yap^plAfi ?79-393 
General Procedure for Copolymerizations 
(a) Experiments at Ambient Pressure: A Schlenk 
flask containing the catalyst precursor was cooled to - 
78°C, evacuated, and placed under an ethylene 
atmosphere. In subsequent additions, methylene 
chloride and the acrylate were added to the cold flask 
25 via syringe. The solution was allowed to warm to room 
temperature and stirred with a magnetic stir bar. 
After the specified reaction time, the reaction mixture 
was added to -6 00 mL of methanol in order to 
precipitate the polymer. Next, the methanol was 
decanted off of the polymer, which was then dissolved 
in -600 mL of Et20 or petroleum ether. (For 
copolymerizations with FOA. a second precipitation of 
the polymer solution into methanol was often necessary 
in order to remove all of the acrylate from the 
polymer.) The solution was filtered though a plug of 
Celite® and/or neutral alumina, the solvent was 
removed, and the polymer was dried in vacuo for several 
days. The copolymers were isolated as clear, free- 
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flowing or viscous oils. The copolymers were often 
darkened by traces of palladium black, which proved 
difficult to remove in some cases. Polymers with hxgh 
FOA incorporation were white, presumably due to phase 
5 separation of the fluorinated and hydrocarbon segments, 
(b) Experiments at Elevated Pressure: Reactions 
were carried out in a mechanically stirred 300 mL Parr 
® reactor, equipped with an electric heating mantle 
controlled by a thermocouple dipping into the reaction 
10 mixture. A solution of 0 . 1 mmol of catalyst precursor 
in methylene. chloride, containing the functionalxzed 
comonomer (5-50 ml., total volume of the liquid phase: ; 
100 mL), was transferred via cannula to the reactor 
. under a nitrogen atmosphere. After repeatedly flushing 
15 with ethylene or propylene, constant pressure was ■ 
applied by continuously feeding the gaseous olefin and 
the contents of the reactor were vigorously stirred. 
After the specified reaction time, the gas was vented. 
Volatiles were removed from the reaction mixture in 
vacuo, and the polymer was dried under vacuum 
. overnight. In representative runs, the volatile 
p. fraction was analyzed by GC for low-molecular-weight 

products. Residual monomers (tBuA, FOA) or 
homooligomers of the f unctionalized comonomer (MVK) 
25 were removed by precipitating the polymer from 
methylene chloride solution with methanol . This 
procedure did not significantly alter the polymer 

composition. 

copolymer Spectral Data. In addition to the 

30 signals of the methyl, methylene and me thine groups 

originating from ethylene or propylene, the 1h and I3c 
NMR spectra of the copolymers exhibit characteristic 
resonances due to the f unctionalized comonomer . The 
IR-spectra display the carbonyl band of the functional 

35 groups originating from the comonomer. 

^ ^..^^l^n..^^^:^^^!^ NMR (CDC13. 400 MHz) 8 

3.64 (s, OCH3), 2.28 (t, J = -7 , CH^C (O) ) , 1-58 (m. 
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CH2CH2C(0)); NMR (CeDg, 100 MHz) 5 176 (C(0)), 50.9 

(OCH3); IR (film): 1744 cm-1 [v(C(0))l. 

^ .^„^^^ .,.n. r^nolvmex. NMR (CDCI3, 400 MHz) 5 

4 58 (t, JHF = 14. OCH2(CF2)6CF3), 2.40 (t , J - 7, 
CH2C(0)), 1.64 (m. CH2CH2C (O) ) ; NMR (CDCI3, 100 

MHZ) 5 172.1 (C(0)), 59.3 (t, JCF = 27, OCH2 (CF2 ) 6CF3 ) ; 

IR (film): 1767 cm-1 [v(C(0))]. . ^ x R 

ronolvm^ IH NMR (CDCI3 , 300 MHz) 8 
2 18 (t J = 7 , CH2C(0))., 1.55 (m, CH2CH2C (O) ) , 1-42 
(s, OCMI3); NMR (CDCI3, 62 MHz) 8 173.4 (C(0)); IR 

(film) : 1734 cm-1 (CO) . 

nll -irn- -----1^^'^^: B«R (CDCI3. 250 MHZ) 6 ; 

, 3S (t, J = 7, CH2C(0)),,2.11 (s. C(0)CH3). 1-5 <™. 
CH2CH2C(0)); l^C NMR (CDCI3, 62 MHZ, 6 209 (C(0,),; IR 
(film): 1722 cm-1 [v(C(0))l. 

^, „ .-,-„- .„.„-.^er: IH ««R (CDCI3, 250 MHz, 8 
3 64 (s, OCH3), 2.3 (m, CH^C (O, , ; "cNMR (CDCI3 , 62 
™.) 6 174.5 (C(0,), 51.4 (OCH3,; IR (filn.): "47 — 

'"""n-'-r- ro.Mvmer.. ^H NMR (CDCI3. 250 MHz, 

8 4.57 <t. a„p - 14. OCH.(CF2)6CF3), 2.39 (m CH.C (O, , ; 
13c NMR (CDCI3, 62 MHZ, 8 172.2 (C(0,, 59.3 t JcF - 
27, OCH2(CF2)6CF3>; IR Uil™)' W(C(0,,1. 

Results of the various polymerization are given in 

the Table below. 
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PlX^mple 3 94 

Et20 (30 mLV was added to a round bottom flask 
containing 445 mg (1.10 mmol) of (2 , 6-i-PrPh) jDABMea 
and 316 mg (1.15 mmol) of Ni (COD) 2 • Methyl acrylate- 
5 (100 nD was then added to the flask via microliter 
syringe. The resulting blue solution was stirred for 
several hours before the Et20 was removed in vacuo. 
The compound was then dissolved in petroleum ether and 
the resulting solution was filtered and then cooled to 
10 -35°C in the drybox freezer. Purple single crystals of 
[ (2, 6-i-PrPh) 2DABMe2]Ni [H2C=CHCO(OMe) ] were isolated: 
1h NMR (CD2CI2, 300 MHz. -40°C) 5 7.4 - 7.2 (m, 6, 
Haryl). 3-74 (br septet, 1, CiiMe2) , 3.09 (septet, 1, J 
= 6.75, C'/Me2), 2.93 (septet, 1, J 6.75, C''fiMe2), 
15 2.85 (s, 3, OMe) , 2.37 (br septet, 1, C'"HMe2), 2.10 

(dd, 1, J = 13.49, 8.10, H2C=CHC(0)0Me) , 1.66 (dd, 1, J 
= 13.49, 4.05, m'C=CHC(0)OMe) , 1.41 (d, 3, J = 6.75, 
CHMeMe'), 1.35 (dd, 1, J = 8.10, 4.05, HH'C=CHC (O) OMe) , 
1.26 (d,'3, J = 8.10, C'HMeMe'), 1.24 (d, 3, J = 8.09, 
20 C'HMeMe'), 1.13 (d, 3, J = 6.75, C'HMeMe'), 1.09 - 1.03 
(doublets, 12, CHMeMe', C'HMeMe', C'''HMeMe'), 0.79 
and 0.62 (s, 3 each, N=C (Me) -C ■ (Me) =N) ; ^^C NMR 
(CD2CI2, 300 MHz, -20 °C) .8 174.2 (C(O)OMe), 166.6 and 
165.5 (N=C-C'=N) , 147.9 and 146.8 (Ar, Ar': Cipso) » 
25 139.5, 139.0, 138.2 and 137.7 (Ar: Co, C ' o and Ar ' : Co. 
C'o)/ 125.6 and 125.4 (Ar, Ar': Cp) , 123.5, 123.4, 
123.3 and 123.0 (Ar: Cm, C'njandAr': Cm, C'm), 49.9 
and 39.8 (H2C=CHC (O) OMe) , 28.8, 28.5, 28.4 and 28.3 
(CHMe2, C'HMe2, C''HMe2, C'''HMe2), 26.1 
30 (H2C=CHC(0)0Me) , 24.3, 23.8, 23.6, 23.4, 23.0, 22.9, 
22.7 and 22.7 (CHMeMe', C'HMeMe', C'HMeMe', 
C ' ' HMeMe ' ) , 20.21 and 20 . 16 (N=C (Me) -C (Me) =N) . 

T;;-yamp1«=> 3 95 

In a nitrogen-filled drybox, 289 mg (0.525 mmol) 
35 of [(2,6-i-PrPh)2DABMe2Ni(H2C=CHCO(OMe))] and 532 mg 
(0.525 mmol) of H(OEt2)2BAF were placed together in a 
round bottom flask. The flask was cooled in the -35°C 
freezer before adding 20 mL of cold (-35°C) EtaO to it. 
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The reaction mixture was then allowed to warm to room 
temperature as it was stirred for 2 h. The solution 
was then filtered and the solvent was removed in vacuo 
to yield 594 mg (80.1%) of the 4-membered chelate, 
5 { [(2,6-i-PrPh)2DABMe2]Ni [CHMeC(0)OMe] }BAF, as a burnt 
orange powder: NMR (CD2CI2, 300 MHz, rt) 8 7.72 (s, 

8, BAF: Ho), 7.56 (s, 4, BAF : Hp), 7.5 - 7.2 (m, 6, 
Haryl) / 3-52 (s, 3, OMe) , 3.21 (q, 1, J = 6.75, 
CHMeC(O) OMe) , 3.45, 3.24, 3.02 and 3 . 02 (septet, 1 
10 each, CHMe2, C'HMe2, C 'HMq2 and C'''HMe2), 2.11 and 
' 2.00 (s, 3 each, N=C (Me) -C • (Me) =N) , 1.55, 1.50, 1.47, 
1.33, 1.28, 1.24, 1.23 and 1.17 (d, 3 each, CHMeMe ' , ; 
C'HMeATe', -C 'HMeMe' and C ' ' ' HAfeMe ' ) , -0.63 (d, 3, J = 
ff! 6.75, CHMeC(O)Oiyie) ; NMR (CD2CI2, 300 MHz, rt) 8 

5 15 178.2, .177.0 and 174.1 (C(O)OMe, N=C-C'=N), 162.2 (q, 

rJ . JcB = 49.7, BAF: Cipso) , 141.2 and 139.8 (Ar, Ar • : 

J:| Cipso)- 139.4, 138.89, 138.79 and 138.40 (Ar, Ar ' : Co, 

r Co'), 135.2 (BAF: Cq) , 130.0 and 129.6 (Ar, Ar ' : Cp, 

|i Cp'), 129.3 (q, BAF: Cn,), 125.6, 125.2, 125.0 and 124.7 

m 20 (Ar, Ar': C^, C'ni) , 125.0 (q, JCF = 272.5, BAF: CF3 ) , 

117.9 (BAF: Cp) , 53.6 (OMe), 30.3, 30.0, 29.9 and 29.8 
(CHMe2, C'HMe2, C''HMe2, C'''HMe2), 24.5, 24.1, 24.0, 
23.7, 23.33, 23.26, 23.1 and 23.1 (CHMeMe', C'HMeMe', 
C'HMeMe', C • ' 'HMeMe') , 20.6 and 19.5 (N=C-C'=N) , 6.9 
25 (CHMeC(O)OMe) . 

F-x-amnles 396-400 
Polymerization of ethylene by {[(2,6-i- 
PrPh) jDABMeal Ni [CHMeC (O) OMe] }BAF. This compound was 
used to catalyze the polymerization of polyethylene at 
30 temperatures between RT to SO'C. Addition of a Lewis 
acid often resulted in improved yields of polymer. 

n^np-rai P oi yrherization Procedure for T=;yf^mp1 f^f? 3 96- 
400 . In the drybox, a glass insert was loaded with 
{ [(2,6-i-PrPh)2DABMe2]Ni[CHMeC(0)OMe] }BAF. In 
35 addition, 2 equiv of a Lewis acid (when used) was added 
to the insert. The insert was cooled to -3 5°C in a 
drybox freezer, 5 mL of deuterated solvent was added to 
the cold insert, and the insert was then capped and 
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sealed. Outsideof the drybox, the cold tube was 
placed under 6 . 9 MPa of ethylene and allowed to warm to 
RT or 80°G as it was shaken mechanically for 18 h. An 
aliquot of the solution was used to acquire a NMR 
spectrum. The remaining portion was added to -20 mL" of 
MeOH in order to precipitate the polymer. The 
polyethylene was isolated and dried under vacuum. 

Polymerization Conditions: {[(2,6-i- 
PrPh)2DABMe2]Ni[CHMeC(0)OMe]}BAF (84.8 mg, 0.06 mmol) ; 
NO Lewis. Acid; CgDe ; RT . No polymer was isolated and 
polymer formation was not observed in the 1h NMR 
spectrum. 

Flyample 397 
Polymerization Conditions : {[(2,6-i- 
PrPh)2DABMe2]Ni[CHMeC(0)OMe]}BAF (84.8 mg, 0.06 mmol) ; 
2 Equiv BPh3; CgDe . RT . Solid white polyethylene 
(0.91 g) was isolated. 

Polymerization Conditions: {[(2,6-i- 
PrPh),DABMeJNi[CHMeC(0)OMe]}BAF (84.8 mg, 0.06 mmol);. 
2 Equiv B[3,5-trifluoromethylphenyl]3; CeDe , RT. 
solid white polyethylene (0.89 g) was isolated. 

^ly^mpi^ ^99 
Polymerization Conditions: {[(2,6-i- 
PrPh)2DABMe2]Ni[CHMeC(0)OMe])BAF; 2 Equiv BPhs ; CgDe , 
80°C. Polyethylene (4.3 g) was isolated as a spongy 
solid. 

g.yapiple 400 
Polymerization Conditions: {[(2,6-i- 
PrPh)2DABMe,]Ni[CHMeC(0)0Me]}BAF (84.8 mg, 0.06 mmol); 
NO Lewis Acid; CDCI3, 80°C. Polyethylene (2.7 g) was 
isolated as a spongy solid. 

An NMR tube was loaded with {[(2,6-i- 
PrPh).DABH.]NiMe(OEt,)}BAF. The tube was capped with a 
septum, the septum was wrapped with Parafilm®, and the 
tube was cooled to -78°C. CD2CI2 (700 ^L) and one 
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equiv of methyl acrylate were added to the cold tube in 
subsequent additions via gastight microliter syringe. 
The tube was transferred to the cold NMR probe. 
Insertion of methyl acrylate and formation of the 4- 
membered chelate complex, {t(2,6-i- 

PrPh)2DABH2]Ni [CHEtC{0)OMe] }BAF, was complete at -10°C: 
1h NMR (CD2CI2, 40 0 MHz, -10°C) 5 8.23 and 8.03 (s, 1 
each, N=C{H) -C (H)=N) , 7.72 (s, 8, BAF : . Hq) , 7.55 (s, - 
4, BAF: Hp), 7.5 - 7.2 (m, 6, Haryl) « 3.69, 3.51, 3.34 
and 3.04 (septet, 1 each, CliMez, C'flMez, C'HMez and 
C'''HMe2), 3.58 (s, 3, OMe) , 1.48, 1.46, 1.46, 1.45, 
1.30, 1.27, 1.193 and 1.189 (d, 3 each, J = 6.5 - 7.3, ; 
CHMeMe ' , C ' HMeWe ' , C ' ' HMeWe ' and C • • ' HMeWe ' ) , 0.79 and 
-0.52 (m, 1 each, CHCCHH'CHa), 0.68 (t, 3, J = 6.9, 
CH(CH2CH3), (CHEf signal was not assigned due to 
overlap with other protons) . 

IJ.yample 4 02 

A solution of the 4-membered chelate complex 
{ [(2,6-i-PrPh)2DABH2]Ni[CHEtC{0)OMe] }BAF was allowed to 
stand at RT for 1 day. During this 'time, conversion to 
the 6-membered chelate complex, {[(2,6-i- 
PrPh)2DABH2]Ni [CH2CH2CH2C(0)OMe] }BAF, was complete: ^H 
NMR (CD2CI2, 400 MHz, rt) 5 8.47 and 8.01 (s, 1 each, 
N=C(H) -C (H)=N) , 7.72 (s, 8, BAF: Ho), 7.56 (s, 4, BAF: 
Hp), 7.5 - 7.0 (m, 6, Haryl) - 3.61 (s, 3, OMe) , 3.45 and 
3.09 (septet, 2 each, CHyie2 and C'WMea), 2.25 (t, 2, J 
7.3, CH2C(0)), 1.61 (pentet, 2, J = 7.3, NiCHzCHsCHz) , 
1.50, 1.50, 1.46, and 1.30 (d, 6 each, J = 6.8 - 6.9, 
CHMeMe', CHMeATe'), 0.92 (t, 2, J = 7.4, NiCH2) • 

Kyamples 403-407 
These Examples illustrate the formation of 
metallacycles of the formula shown on the right side of 
the equation, and the use of these metallacycles as 
polymerization catalysts. 
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In the absence of olefin, the ether-stabilized 
catalyst, derivatives were observed to decompose in 
CD2CI2 solution with loss of methane. For the 
catalyst derivative where M = Pd and R = H, methane 
loss was accompanied by clean and selective formation 
of the metallacycle resulting from C-H activation of 
one of the aryl i-propyi substituents . This 
metallacycle could be isolated, although not cleanly, 
as its instability and high solubility prevented 
recrystallization. Also it could be converted to 
another metallacycle in which the diethyl ether ligand 
is replaced by an olefin ligand, especially ethylene. 

F.y ample 4Q3 

A 700 |aL CD2CI2 solution of {[{2,6-i- 
PrPh) 2DABH2] PdMe (OEt2 ) } BAF (68,4 mg) was allowed to 
stand at room temperature for several hours and then at 
-30°C overnight. Such highly concentrated solutions of 
the resulting metallacycle wherein R is H and M is Pd 
were stable for hours at room temperature, enabling 
and NMR spectra to be acquired: NMR (CD2CI2/ 

400 MHz, 41 °C) 8 8.17 (s, 2, N=C (H) - C ' (H) =N) , 7.75 (s, 
8, BAF: Ho), 7.58 (s, 4, BAF : Hp) , 7 , 5 - 7 . 0 (m, 6 , 
Haryl)/ 3.48 (q, 4, J = 6.88, 0{CH2CH3)2)/ 3.26 
(septet, 1, J = 6.49, CfiMe2) , 3.08 (septet, 1, J = 
6.86, C»HMe2)/ 2.94 (septet, 1, J = 6.65, C''HMe2)/ 
2.70 (dd, 1, J = 6.67, 0.90, CHMeCHH'Pd), 2.43 (dd, 1, 
J = 7.12, 4.28, CHMeCHH'Pd), 2.23 (br m, 1, CHMeCH2Pd) , 
1.54 (d, 3, J = 6.86, CHiyreCH2Pd) , 1.43 (d, 3, J = 6.79, 
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C'HMeMe'), 1.40 (d, 3, J = 7.12, CHWeMe ' ) , 1.37 (d, 3, 
J = 6.95, C'HMeMe'), 1.27 (d, 6, J = 6.79, C ' HMeMe ' , 
C'HMeftre'), 1.12 (d, 3, J = 6.54, CHMeMe ' ) , 1.23 (br m, 
6, 0(CH2CH3)2)/ 0.21 (CH4); l^CNMR (CD2CI2, 400MHz, 
41 °C) 5 162.5 (JcH = 181.5, N=C(H) ) , 162.3 (q, JbC = 
49.8, BAF: Cipso) , 161-2 (JCH = 178.4, N=C' (H) ) , 145.8 
and 144.5 (Ar, Ar': Cipso) / 141.6, 140.7, 140.3 and 
138.8 (Ar, Ar': Cipso) / 135.3 (BAF: Co), 131.6 and 
129.8 (Ar, Ar': Cp) , 129.4 (q, JCF = 29.9, BAF: CF3), 
128.1, 127.6, 125.2 and 124 . 5 (Ar, Ar ' : Co. Co'), 125.1 
(BAF: CF3), 118:0 (BAF: Cp) , 72 (br, O ( CH2CH3 ) 2 ) / 43 . 2 
(CHMeCH2Pd) , 40.5 (CHMeCH2Pd) , 29.5,. 29.1 and 28.8 : 
(CHMe2,C'HMe2, C''HMe2), 26.2 (br) , 25.3, 25.2, 25.1, 
24.5 (br) , 23.3 and 22.1 (CHMeAfe', CHMeMe', C'HMeMe', 
CHMeCH2Pd) , 15.5 (br , O (CH2CH3 ) 2 ) / -14.8 (CH4) . 

F.yample 4 04 

Addition of ethylene to a CD2CI2 solution of the 
compound prepared in Example 403 resulted in loss of 
ether and formation of the corresponding ethylene 
adduct (spectral data: see Example 4 05.) Warming of 
the ethylene adduct in the presence of excess ethylene 
resulted in branched polymer formation: 1.3 ppm 
(CH2)n/ 0-9 ppm (CH3). For the ethylene polymerization 
initiated by this metallacycle , rates of initiation 
were significantly slower than rates of propagation. 

Example 4 05 
The metallacycle of Example 4 03 wherein the 
diethyl ether ligand was replaced by an ethylene ligand 
was stable enough so that NMR spectra could be 
obtained. NMR (CD2CI2, 400 MHz, -61 °C) 6 8.25 and 

8 .23 (N=C(H) -C (H) =N) , 7.74 (s, 8, BAF: Hq) , 7.55 (s, 
4, BAF: Hp), 7.55 - 7.16 (m, 6, Haryl) / 4.67 (m, 2, 
Mi'C=CHH'), 4.40 (m, 2, HH'C=CHH'), 2.95 (septet, 1, J 
= 6.30, CiiMe2), 2.80 (septet, 2, J = 6.36, C'iiMe2 and 
C'';iMe2), 2.53 (br m, 1, CiJMeCH2Pd) , 2.43 (d, 1, J = 
8.16, CHMeCfiH' Pd) , 1.73 (dd, 1, J = 8.16, 2.84, 
CHMeCHH'Pd) , 1.45 and 1.19 (d, 3 each, J = 6.79 - 6.40, 
CHMeMe'), 1-42 (d, 3, J = 7.05, CHMeCH2Pd) , 1.30, 1.30, 
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1.19 and 0.99 (d, 3 each, J = 6.40 - 6.65, C'HMei^e' and 
C'HMeMe'); nMR (CD2CI2, 400 MHz, -61 °C) 5 162.7 

(JCH = 179.7, N=CH) , 162.1 (JcH = 180.9, N=C'H) , 161.6 

(q/ JCB = 49.7, BAF: Cipso) / 144.7, 141.7, 141.2, 
139.2, 137.5 and 137.1 (Ar,. Ar » : Cipso. Co, C'o), 134.6 

(BAF: Co), 131.0 and 129.0.(Ar, Ar» : Cp) , 128.6 (q, 
BAF: Cm), 124.4 (q, JcF =.272.5, BAF: CF3 ) , 124.6 and 
124:0 (Ar, Ar' : Cm), 117.4 (BAF:-Cp), 92.3 (JcH = 
162.4, H2C=:CH2), 45.1 (CH2Pd) , 41.1 (CHMeCH2Pd), 28.9, 
28.5 and 28.2 (CHMe2, C'HMe2, C 'HMe2) , 26.1, 25.6, 
25.1, 24.9, 24.6, 22.9 and 21.4 {CHMeMe', C'HMeMe', 
C ' • HMeMe ' , CHMeCH2Pd) . . 

E;??;ampJ,Q 4 06 

In a nitrogen-filled dirybox, 30 mL of THF was 
added to a flask containing (2 , 6-i-PrPh) aDABAn (1.87 g, 
3.72 mmol) and Ni(COD)2 (1.02 g, 3.72 mmol) . The 
resulting purple solution was stirred for several hours 
before removing the solvent in vacuo. The product was 
dissolved in a minimum amount of pentane and the 
resulting solution was filtered and then placed in the 
drybox freezer (-35°C) to recrystallize . Purple 
crystals of [ (2 , 6-i-PrPh) jDABAn] Ni (COD) were isolated 
(1.33 g, 53.5%, first crop). NMR (CD2CI2, 300 MHz, 

rt) 5 7.77 (d, 2, J = 8.06, Haryl) , 7.44 (t, 2, J = 
7.52, Haryl), 7.33 (d, 2, J = 7.70, Haryl), 6.89 (t, 2, 
J = 7.70, Haryl). 6.13 (d, 2, J = 6.13, Haryl) . 3.93 
(br s, 4, COD: -HC=CH-), 3.48 (septet, 4, J . = 6.87, 
CHMe2), 2.54 (brm, 4, COD: -CHH»-), 1.51 (m, 4, COD: - 
CHH'-), 1.37 (d, 12, J = 6.60, CHATeMe ' ) , 0.77 (d, 12, J 
= 6.60, CHMeATe'); ^^C NMR (CD2CI2, 75.5 MHz, rt ) 5 

151.7, 151.6, 138.5, 137.1, 133.0, 132.1, 128.8, 125.6, 

123.8, 123.7, 119.0 (Caryl)/ 88.7 (COD: -HC=CH-), 29.9 
(COD: -CH2-)/ 28.0, 25.1 and 23.8 {CHMeMe'), 

B?^ample 407 

In the drybox, a glass insert was loaded with 35.2 
mg (0.0527 mmol) of [ (2 , 6 -i-PrPh) jDABAn] Ni (COD) and 
55\2 mg (0.0545 mmol) of H(OEt2)2BAF. The insert was 
cooled to -3 5°C in the drybox freezer, 5 mL of CDCI3 
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was added to the cold insert, and the insert was then 
capped and sealed. Outside of the drybox, the cold 
tube was placed under 6 . 9 MPa of ethylene and allowed 
to warm to rt as it was shaken mechanically for 18 h. 
An aliquot of the solution was used to acquire a NMR 
spectrum.. The remaining portion was added to -20 mL of 
MeOH in order to precipitate the polymer. The 
polyethyleiie (6.1 g) was isolated and dried under 
vacuum . 

^yamp1f>S 408-412 
(acac)NiEt(PPh3) was synthesized according to 
published procedures (Cotton, F. A.; Frenz, B. A. ; 
Hunter. D. l". J. Am. Chem. Soc . 1974. 96. 4820-4825). 

^ o^n^^.v-i:.^tinn Prncedvro f or flx a mpl 408- 

412 in the drybox. a glass insert was loaded with 
26.9 mg (0.06 mmol) of (acac) NiEt (PPha) , 53.2 mg (0.06 - 
mmol) of NaBAF. and 0.06 mmol of an a-diimine ligand. 
in addition. 2 equiv of a phosphine scavenger such as 
BPh3 or CuCl was sometimes added. The insert was 
cooled to -35°C in the drybox freezer. 5 mL of CgDe was 
added to the cold insert, and the insert was then 
capped and sealed. Outside of the drybox, the cold 
tube was placed under 6 . 9 MPa of ethylene and allowed 
to warm to RT as it was shaken mechanically for 18 h. 
An aliquot of the solution was used to acquire a 1h NMR 
spectrum. The remaining portion was added to -20 mL of 
MeOH in order to precipitate the polymer. The 
polyethylene was isolated and dried under vacuum. 

The a-diimine was (2 , 6-i-PrPh) .DABMe, . Solid 
white polyethylene (1.6 g) was isolated. 

The a-diimine was (2 , 6-i-PrPh) ^DABMe,, and 29.1 mg 
of BPh3 was also added. Solid white polyethylene (7.5 
35 g) was isolated. 
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Example ^10 

The a-diimine was (2 , 6-i-PrPh) jDABMes, and 11.9 of 
CuCl was also added. Solid white polyethylene (0.8 g) 
was isolated. 

EyampJlg 

The a-diimine was (2 , 6-i-PrPh) jDABAn.- Solid white 
polyethylene (0.2 g) was isolated. 

Example 412 

The a-diimine was (2 , 6-i-PrPh) aDABAn, and 2 9.1 mg 
of BPha was also added. Solid white polyethylene (14.7 
g) was isolated. 

Kxamples 413-420 
The following synthetic methods and polymerization 
procedures were used to synthesize and test the 
polymerization activity of the f unctionalized a-diimine 
ligands of these Examples. 

.q ynthetir Method A. One equiv of glyoxal or the 
diketone was dissolved in methanol. Two equiv of the 
functionalized aniline was added to the solution along 
with -1 mL of formic acid. The solution was stirred 
until a precipitate formed. The precipitate was 
collected on a frit. and washed with methanol. The 
product was then dissolved in dichloromethane and the 
resulting solution was stirred overnight over sodium 
sulfate. The solution was filtered and the solvent was 
removed in vacuo to yield the functionalized a-diimine. 

Synthetjn Method B . One equiv of glyoxal or the 
diketone was dissolved in dichloromethane and two equiv 
of the functionalized aniline was added to the 
solution. The reaction mixture was stirred over sodium 
sulfate (--1 week) . The solution was filtered and the 
solvent was removed in vacuo. The product was washed 
or recrystallized from petroleum ether and then dried 
in vacuo , 
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Po1v ^ ^v-i..^^Snn Procedure. In the drybox, a 
glass insert was loaded with one equiv each of 
Ni(COD)2, H(OEt2)2BAF, and the a-diitnine ligand. The 
insert was cooled to -35°C in the drybox freezer, 5 mL 
of C^De was added to the cold insert, and the insert 
was then capped and sealed. Outside of the drybox, the 
cold tube was placed under 6 . 9 MPa of ethylene and 
allowed to warm to. RT as it was shaken mechanically for 
18 h. An aliquot of the solution was used to acquire a 
iH NMR spectrum. The remaining portion was added to 
-20 mL of MeOH in order to precipitate the polymer. 
The polyethylene was isolated and dried under vacuum. ; 

pf^ n^riium p ^iym^-r-iTiat-ion Procedura - In the 
drybox, a glass - insert was loaded with one equiv each 
15 of [CODPdMe(NCMe)]BAF and the a-diimine ligahd. The 

insert was cooled to -SB'C in the drybox freezer, 5 mL 
of CfiDe was added to the cold insert, and the insert 
was then capped and sealed. Outside of the drybox, the 
cold tube was placed under 6 . 9 MPa of ethylene and 
allowed to warm to RT as it was shaken mechanically for 
18 h. An aliquot of the solution was used to acquire a 
IH NMR spectrum. The remaining portion was added to 
-2 0 mL of MeOH in order to precipitate the polymer. 
The polyethylene was isolated and dried under vacuum. 
25 FiTj^mple 

a-Diimine was {2-hydroxyethylPh) zDABMe^. 
synthetic Method B: NMR (CDCI3, 300 MHz, rt) 8 7.28 

- 7.20 (m, 4, Haryl). 7.12 (t, 2, J = 7.52, HaryD, 
6.67 (d, 2, J = 7.67, Haryl) - 3.74 (t, 4, J =6.79, 
30 CH2OH), 3.11 (br s, 2, OH), 2.76 (t, 4, J = 6.79, 
CH2CH20H), 2.16 (s, 6, N=C (Me) -C (Me) =N) ; 13cNMR 
(CDCI3, 75 MHZ, rt) 6 168.2 (N=C-C=N) , 149.0 (Ar: 
Cipso), 128.4 (Ar: Co), 130.4, 127.1, 124.6 and 118.2 
(Ar: C., Cp, C^' . Co'). ^2.9 (CH2OH), 35.3 (CH2CH2OH) , 
35 15.8 (N=C(Me) -C(Me) =N) . 

TvT-ir- k^l Pnl^ ^o^-i^^^ion Procedure.: (0.02 mmol 
scale) seventy mg of polyethylene was isolated. 1h 
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NMR spectrum (CgDg) shows the production of 1- and 2- 
butenes along with smaller amounts of higher olefins. 

. Palladium Polymerization Procedure : (0.06 mmol 
scale) No polymer was isolated, however, the NMR 
spectrum shows peaks consistent with the formation of 
branched polyethylene: 1.3 ppm (CH2)n/ 0.9 ppm (CH3 of 
branches) . Broad a-olefinic resonances are observed in 
the baseline. 

Px^mple ^X^ 

a-Diimine is (2 , 6-Et-3 , 5-chloroPh) aDABMes - 
Synthetic Method A: NMR (CDCI3. 300 MHz, rt) 8 7.19 

(s, 1, Haryl) / 2.64 (sextet, 4, J = 7.19, CHH'CHs), ' 
2.36 (sextet, 4, J = 7.11, CHH'CHs) , 2.10 (s, 6, 
N=C{Are) -C(Me) =N) , 1,05 (t, 12, J = 7.52, CH2CH3) ; 
NMR (CDCI3, 75 MHz, rt) 5 168.8 (N=C-C=N), 149.3 (Ar: 
Cipso) / 132.3 and 127.4 (Ar: Cq and Cm), 124.7 (Ar : 
Cp) , 22 .5 {CH2CH3) , 16 .8 (N=C(Me) -C(Me) =N) , 12 ,1 

(CH2CH3) . 

Nickel P olymerization Procedure: (0,06 mmol 
scale) Solid, white polyethylene (14.6 g) was isolated. 

Palladiu m Polymerization Procedure: (0.06 mmol 
scale) Polyethylene (0.06. g) was isolated as an oil . 
1h NMR spectrum (CgDg) shows branched polyethylene 
along with some internal olefinic end groups. 

Palladiu m Polymerization Procedure: {0.03 mmol 
scale; Isolated [ (2 , 6 -Et-3 , 5- 
chloroPh) 2DABMe2) ] PdMe (NCMe) ] BAF was used. } 
Polyethylene (2.42 g) was isolated as an oil. 

Example 415 

a-Diimine is (2 , 6 -Et-3-chloroPh) aDABMea . Synthetic 
Method A: ^H NMR (CDCI3, 300 MHz, rt) 5 7.10 (d, 2, J 
= 8.43, Haryl)/ 7.04 (d, 2, J = 8.07, Haryl)/ 2.65 (m, 
2, CHH'CHs), 2.49 (m, 2, CHH'CHb), 2.30 (m, 4, 
C»HH'C'H3), 2.08 (s, 6, N=C (Me) -C (Me) =N) , 1.15 and 1.07 
(t, 6 each, J = 7.52, CH2CH3 and C'H2C'H3); ^^C NMR 
(CDCI3, 75 MHz, rt) 5 168.4 (N=C-C=N) , 148,5 (Ar : 
Cipso)/ 132.0, 129.1 and 128.6 (Ar: Cq, Co', Cm), 126.9 
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and 124.3 (Ar: C„' and Cp) , 24.4 and 22.6 (CH2CH3 and 
C'H2C'H3), 16.5 (N=C (Me) -C (We) =N) , 13 . 4 and 12.4 

(CH2CH3 and C'H2C'H3) • 

T.^ 11.,H^nim p^ ^.^T'°^-i^^^inn ProcPdure: {0-03 mmol 

scale; Isolated [(2,6-Et-3- 

chloroPh)2DABMe2)PdMe(NCMe)]BAF was used.} 

polyethylene (-1 g) was isolated as an amorphous solxd. 

^='iy='iT'T?"' p- 

a-Didmine is (2 , 6-bromo-4 -MePh) ,DABMe, . Synthetic 
Method A: iH NMR (CDCI3, 300 MHz, rt) 6 7.40 (m, 4, 
Haryl). 2.32 (s, 6, Ar: Me). 2.14 (s, 6, N=C(Me)- 
C(Me)=N); NMR (CDCI3, 75 MHz, rt) 5 171.5 (N-C- 

C=N), 144.9 (Ar: dpso)., 135-7 (Ar: Cp) , 132.4 (Ar: 
C^)., 112.3 (Ar: Co), 20.2 and 16.9 (N=C (Me) -C (Me) =N and 
Ar : Me) 

.j.^ ^o-i po^ ^ ^^■i^.^^-ion Procedure .: (0.02 mmol 
scale) solid white polyethylene (5.9 g) was isolated. 
IH NMR spectrum (CgDe) shows a significant amount of 
branched polymer along with internal olefinic end 

groups . 

o.n.HSnm Pr ^. nn»^n^.;.Mon Procedure : (0-06 mmol 
scale) Polyethylene (0.38 g) was isolated as an. oil. 
IH NMR spectrum (CgDs) shows a significant amount of 
branched polymer along with internal olefinic end 

groups . 

TTy^lpplR 417 

a-Diimine is (2 , 6-Me-4-bromoPh) .DABH, . Synthetic 
Method A: IH NMR (CDCI3, 300 MHz, rt) 5 8 . 07 (s, 2, 
N=CH-CH=N), 7.24 (s, 4, HaryD . 2.15 (s, 12, Ar : Me): 
13e NMR (CDCI3, 300 MHz,.rt) 5 163.6 (N=C-C=N), 148.7 
(Ar: Cipso), 131.0 and 128.7 (Ar : Co and C^) , 117.7 
(Ar: Cp) , 18.1 (Ar: Me) . 

T^T^^T,^-. PoTvmpri-^^fion Procedure:. (0-06 ^^^^ 
scale) solid white polyethylene (9.5 g) was isolated. 

o.n.HS,,n, Pol^nnoriral-inTi Procedure: (0-06 mmol 
scale) NO polymer was isolated, however, the ^H NMR 
spectrum (CgDe) shows the production- of a- and internal 
olefins (butenes and higher olefins) . A small 
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resonance exists at 1 - 3 ppm and is consistent with the 
resonance for (CH2)n- 

a-Diimine is (2 , 6-Me-4-bromoPh) ^DABMe^ . Synthetic 
Method A: iH NMR (CDCI3, 300 MHz, rt) 5 7.22 (s, 4, 
Haryl). 2.02 (s, 6, N=C (Me) -C (We) =N) , 2.00 (s, 12, Ar: 
Me); 13c NMR (CDCI3, 75 MHz, rt). 5 168.5 (N=C-C=N) , 
147.3 (Ar; Cipso) , 130.6 (Ar: C„,), 126.9 (Ar: Co). 
115.9 (Ar: Cp), 17.6 (Ar : Me), 15.9 (N=C (Me) -C (Me) =N) . 

^T-i^ K^I pol^ ^o>-ir^i--ion Procedure.: (O.O6 mmol 
scale) solid white polyethylene (14.9 g) was isolated. 

ppn^^^»m po iYTT— ^^"^^^^ Procedure: (0.06 mmol ; 
scale) Polyethylene (1.3 g) was isolated as an oil. 
The iH NMR. spectrum (CeDg) shows resonances consistent 
with the formation of branched polymer. Resonances 
consistent with olefinic end groups are observed in the 
tiaseline . 

0.1 1 ^rli nm P ^T ^^^"tH ^^t i nr. Procedure ; {0.03 mmol 
scale; Isolated [ (2 , 6 -Me-4 - 

bromoPh) 2DABMe2) PdMe (NCMe) ] BAF was used . } Polyethylene 
(3.97 g) was isolated as a mixture of a soft white 
solid and an amorphous oil. ^H NMR spectrum (CM 
shows branched polyethylene. 
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a-Diimine is (2-Me-6-chloroPh) zDABMez . 
^ur^v^l PnT^ ^^^n^;.^-ion Procedurg ;. (0.02 mmol 
scale) solid white polyethylene (220 mg) was isolated 
in addition, the ^H NMR spectrum (CeDg) shows the 
30 production of 1- and 2-butenes. 
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T^^M^riium Pr^^YmP■^-iza1-^on Prpcgquyg :. (0.03 mmol 
scale; Isolated [(2-Me-6- 

chloroPh)2DABMe2]PcaMe(NCMe)]SbFs was used.) 
Polyethylene (3.39 g) was isolated as an oil. The 
NMR spectrum (CgDe) shows the production of branched 
polyethylene; internal olefin end groups are also 
present . 

( 2 , 6 - 1 -BuPh) zDABAN 
This compound was made by a procedure similar to 

• that of Example 25. Two g (9.74 mmol) of 2,5-di-t- 
butylaniline and 0.88 g (4.8 mmol) of : 
acenaphthenequinone were partially dissolved in 50 mL 
of methanol. Attempted crystallization from ether and 

15 from CH2CI2 yielded an orange/yellow powder (1.75 g, 
■ '66%--not optimized). NMR (CDGI3. 250 MHz) 5 7.85 

(d 2H, J = 8.1 HZ, BIAN: Hp), 7.44 (d, 2H, J = 8.4 Hz , 
Ar: Hm), 7.33 (dd, 2H, J = 8.4, 7.3 Hz, BIAN: H^) , 7.20 
(dd, 2H, J = 8.1, 2.2 HZ, Ar: Hp), 6.99 (d, 2H, J = 2.2 
HZ, Ar: Ho), 6.86 (d, 2H, J = 7.0 Hz, BIAN: Ho), 1-37, 

1.27 (s, 18H each, C(CH3)3)- 

T?.-f^;=,mp1 g 421 

A lOOmg sample of {[(2,6-i- 
'PrPh)2DABMe2]PdCH2CH2CH2C(0)OCH3}+BAF- in a Schlenk 
25 flask was dissolved in CH2CI2 (4ml) and cyclopentene 
(8ml) added. The flask was flushed well with a 10% 
ethylene in N2 mix and the solution stirred with a slow 

• flow of the gas mixture passing through the flask. 
After 15 hours the product had solidified into a single 
mass of yellow/brown polymer. The reaction was 
quenched with MeOH and the polymer broken into pieces 
and washed with MeOH. Yield = 2.0g. DSC: Tm = leS^C 
(32J/g) . Integration of the 1h-NMR spectrum indicated 
83 mole% cyclopentene. 

35 F,y ample 422 

A 37mg sample of [ (2 , 4 , 6 -MePh) sDABAn] NiBrs in 
cyclopentene (5ml) was placed in a Schlenk flask under 
an atmosphere of ethylene. Modified MAO (1.1ml, 7.2wt% 
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Al) was added and the reaction allowed to run for 16 
hours after which time the product had solidified into 
a mass of green polymer. The reaction was quenched by 
addition of MeOH/10%HCl and the polymer was crushed and 
5 washed well with MeOH and finally a 2% Irganox/acetone 
solution. Yield = 3.6g. 

Fixample 423 

A 30mg sample of [ (2 , 6-i-PrPh) 2DABMe2] NiBr2 was 
slurried in toluene (2ml) and norbornene (2g) . PMAO 
10 (iml, 9.6wt% Al) was added. The solution immediately 

turned deep blue/black and in less than a minute became 
extremely viscous. The reaction was quenched after 15; 
hours by addition of MeOH/10%HCl causing the. polymer to 
precipitate. The solid was filtered, washed well with 
15 MeOH and finally with a 2% Irganox® 1010 in acetone 
solution. The polymer was cut into pieces and dried. 
Yield = 0.8g (40%). iH-NMR (ODCB, 120OC) : 1.0-2.5 ppm 
complex multiplet confirms that the product is an 
addition polymer. The absence of olef inic peaks 
20 precludes the existence of ROMP product and indicates 
that the polymer is not of extremely low molecular 
weight. 

Ky^mplg 424 

A 32mg sample of [ (2 . 6-i-PrPh) 2DABMe2] C0CI2 was 
25 slurried in toluene (2ml) and norbornene (4g) . PMAO 

(1.5ml, 9.6wt% Al) was added. The solution immediately 
turned deep purple and within a few minutes became 
extremely viscous and difficult to stir. The reaction 
was quenched after 4 hours by addition of MeOH/lO%HCl 
30 causing the polymer to precipitate. The solid was 

filtered, washed well with MeOH and finally with a 2% 
irganox in acetone solution. The polymer was dried 
overnight at HQOC under vacuum. Yield = 2 . Ig (53%) . 
It was possible to further purify the product by 
35 dissolving in cyclohexane and reprecipitating with 
MeOH. iH-NMR (TCE, 120OC) : 1 . 0 -2 . 5 ppm complex 
multiplet. 
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A 33mg sample of ( (2 . 4 . 6-MePh) 2DABAn) C0CI2 was 
slurried in toluene (2ml) and norbomene (4g) . P^4AO 
,2.0ml, 9.6wtV Al) was added. The solution -^^^^H'-J 
turned deep blue and within a few minutes the v-cosrty 
began to increase. The reaction was quenched after 4 
hours by addition of MeOH/10%HCl causing the P°lV™er to 
precipitate. The solid was filtered, washed well w.th 
LoH and finally with a 2% Irganox® loio^in acetone 
solution. The polymer was dried ovemxght at 110 C 
^nder vacuum. Yield - 0.8g (13%). " was P-"^^^^^ 
further purify the product by dissolving xn cy=l°Hexane 
and reprecipitating with MeOH. lH-«m (TCE, 120OC) . 
1.0-2.5 ppm. complex multiplet . 

A 23mg sample of [ (2 , 4 , 6-MePh) 2DABH2I PdMeCl was 
slurried in toluene (2ml) and norbornene (2.7g). PMAO 
Tol. ^.^wtv Al) was added. Solids i^nediately formed 
I^d after a few seconds stirring stopped. The reaction 
Tat quenched after 2 hours by addition 
The solid was filtered, crushed and washed well wrth 
„eOH and finally with a 2% Irganox.® 1010 in acetone 

solution. Yield - 2.5g (92%) . 

Example 427 

A I6mg sample of [ (2 . 4 , 6 -MePh) 2DABH2I NiBr2 was 
slurried in dicyclopentadiene (~3g) . MMAO (1.2ml 
7 2wt:% Al) was added. Solution immediately turned deep 
.ed/purple and started to foam. T^e ---^^ 
fenced after IS .ours .y -f-^ ^Jf,"^^^^^ 
which precipitated the polymer. The solxd 
and washed well with MeOH and finally wxth a 2o 
irganox® 1010 in acetone solution. Yxeld = 0.25g. 

1 { A 6-MePh) 2DABH2] PdMeCl was 

A 20mg sample of I U , . iiejri / ^ 

i .lurried in toluene (2ml) and ethylidene norbornene (2 
PMAO (X.om^, 9.6wt% Al) was added. The solution 

^frer an hour the viscosity 
turned a pale orange and after an nou 

had increased. After 14 hours the mixture had 



3€5 



0 



[5 



solidified into a gel and stirring had stopped. The 
reaction was quenched by addition of MeOH/10%HCl. The 

solid was filtered, crushed and washed well with MeOH 
and finally with a 2% Irganox® 1010 in acetone 
solution. Yield = 0 . 7g (39%). 

Nil2 (0.26g) was placed in THF (10ml) and (2,6-i- 
PrPh)2DABMe2 (340mg) was added. The resulting mixture 
was stirred for 2 days after which the THF was removed 
and pentane added. The red/brown solid was isolated by 
filtration and washed several times with pentane. 

» 

Yield = 0.53g (89%) . ■ 

A portion of the product (9 mg) in toluene (25mL) 
in a Schlenk flask was placed under an atmosphere of 
ethylene (140 kPa [absolute]) and 0.25 ml PMAO solution 
(9.6% Al) was added. The solution turned dark green 
and after several hours at room temperature, became 
viscous. After 16 hours the reaction was quenched wxth 
MeOH/10% HCl which precipitated the polymer. The 
polymer (1.25g) was collected by filtration, washed 
well with MeOH and dried under reduced pressure. NMR 
indicated -133 methyl per 1000 methylene. 

F,yqnip1e 430 

Col2 (286mg) was dissolved in THF (lOml) and (2,6- 
iPrPh) 2DABMe2 (370mg) was added. The resulting mixture 
was stirred for 3 days after which the THF was removed 
and pentane added. The brown solid was isolated by 
filtration and washed several times with pentane. 
Yield = 0.29g (44%). ^HNMR (THF-da) 1.0-1.4 (m, 24H, 
CH-CH3), 2.06 (s, 6H, N=C-CH3) , 2.6-2.8 (m, 4H, C-CH- 
(CH3)2), 7.0-7.3 (m, 6H, aromatic). This data is 
consistent with the formula: [ (2 , 6 -iPrPh) sDABMesl C0I2 

A portion of the- above product (14mg, 0.02mmol) m 
toluene (2 5mL) in a Schlenk flask was placed under an 
35 atmosphere of ethylene (140 kPa [absolute]) and 0.4 ml 
PMAO solution (9.6% Al) was added. The solution turned 
purple and, after several hours at room temperature, 
became viscous. After 18 hours the reaction was 
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quenched with MeOH/10% HCl which precipitated the 
polymer. The polymer (634mg) was collected by 
filtration, washed well with MeOH and dried under 
reduced pressure. NMR indicated - 100 methyl per 
1000 methylene. DSC: Tg = -45^0 . 

Example 431 

Solid K-cyclooctenyl-1, 5-cyclooctadienecobalt (I) 
(17mg, O.OGmmol) (prepared according to: Gosser L. , 
Inorg. Synth., 17/ 112-15, 1977) and solid (2,6- 
iPrPh) 2DABMe2 (24mg, 0.06mmol) were placed in a Schlenk 
flask and toluene (25mL) added. An ethylene atmosphere 
was admitted (34 kPa gauge) and the solution stirred I 
for 5 jninutes. The final color was brown/green. 0.8 ml 
PMAO solution (9.6% Al) was added. After 18 hours the 
reaction was quenched with MeOH/10% HCl which 
precipitated the polymer. The polymer (190mg) was 
collected by filtration, washed well with MeOH and 
dried under reduced pressure. ^H NMR indicated 90 
methyl per 1000 methylene. DSC: Tg = -450c. 

Example 43 2 

[ (2, 6-iPrPh) 2DABMe2] C0CI2 (619mg) was slurried in 
Et20 (5ml) and cooled to ~25^C. Me2Mg (63mg in 5ml 
Et20) was added and the solution stirred for 15 
minutes. Et20 was removed under reduced pressure and 
the resulting bright purple solid was dissolved in 
pentane, filtered to remove MgCl2 and the volume 
reduced to- 5 ml. The solution was cooled to -25*^C for 
2 days and the resulting purple crystals isolated by 
filtration. Yield = 420mg (73%) . Crystal structure 
determination confirmed that the product was [(2,6- 
iPrPh) 2DABMe2] CoMe2 . 

[ (2 , 6-iPrPh) 2DABMe2] CoMe2 (34mg) in toluene (25mL) 
in a Schlenk flask was placed under an atmosphere of 
ethylene (140 kPa [absolute]) and after stirring for 2 
hours, 0.6 ml PMAO solution (9.6% Al) was added. The 
solution remained dark purple and, after several hours 
at room temperature, became viscous. After 48 hours 
the reaction was quenched with MeOH/10% HCl which 
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precipitated the polymer. The polymer (0.83 8g) was 
collected by filtration, washed well with MeOH and 
dried under reduced pressure. Branching (Ih-NMR) : 115 
methyl per 1000 methylene. DSC: Tg = -450C. 

T^yample 433 

[{2,6-iPrPh)2DABMe2]CoMe2 (30mg) was dissolved in 
benzene (IQml in a shaker tube) and the solution 
frozen. Montmorillionite K-10 (Aldrich Chemical Co., 
Milwaukee, WI, U. S . A. ) {200mg, conditioned at 140OC for 
0 4 8hrs under vacuum) suspended in benzene (lOml) was 
added on top of the frozen layer and frozen as well. 
The solution was thawed under an ethylene atmosphere : 
(6.9 MPa) and shaken at that pressure for 18 hours. 
MeOH was added to the resulting polymer which was then 
5 isolated by filtration, washed well with MeOH. and dried 
under reduced pressure. Yield = 7 . 5g crystalline 
polyethylene. Branching {^H-NMR) : 18 Methyl per 1000 
methylene . 

T;;yamp1<i> 4 34 

,0 [(2,6-iPrPh)2DABMe2]CoMe2 (15mg) was dissolved in 

benzene (10ml in a shaker tube) and the solution 
frozen. Montmorillionite K-10 (lOOmg, conditioned at 
60 0OC for 4 8hrs under vacuum) suspended in benzene 
(lOml) was added on top of the frozen layer and frozen 

25 as well. The solution was thawed under an ethylene 

atmosphere (6.9 MPa) and shaken at that pressure for 18 
hours. MeOH was added to the resulting polymer which 
was then isolated by filtration, washed well with MeOH 
and dried under reduced pressure. Yield = 3g 

30 polyethylene. Branching. (^H NMR) : H Methyl per 1000 
methylene . 

F,yqmplg 435 

[(2,6-iPrPh)2DABMe2]CoMe2 (15mg) was dissolved in 
benzene (lOml in a shaker tube) and the solution 
35 frozen. Tris (pentaflorophenyl) boron (25mg) dissolved 
in benzene (10ml) was added on top of the frozen layer 
and frozen as well, The solution was thawed under an 
ethylene atmosphere (6.9 MPa) and shaken at that 
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pressure for 18 hours. MeOH was added to the resulting 
polymer which was then isolated by filtration, washed 
well with MeOH and dried under reduced pressure. Yield 
= 105mg polyethylene. Branching (^H NMR): 60 Methyl 
5 per 1000 methylene. 

P.^amplp- 43 6 

[ (2, 6-iPrPh) 2DABMe2] CoMe2 (15mg) was dissolved in 
benzene (lOml in a shaker tube) and the solution 
frozen. HBAF-2Et20 (3 0mg) slurried in benzene (lOml) 

10 ' was added on top of the frozen layer and frozen as 
■ well. The solution was thawed under an ethylene 

atmosphere (6.9 MPa) and shaken at that pressure for 18 
hours. MeOH was added to the resulting polymer which 
was then isolated by filtration, washed well with MeOH 

15 and dried under reduced pressure. Yield = 3 . 8g 

polyethylene. Branching {^H NMR): 21 Methyl per 1000 
methylene . 

P.y ampler 43 7 

C0CI2 (I02mg) was placed in acetonitrile and AgBF4 
20 (306mg) added. the solution was stirred for 30 minutes 
after which the white AgCl was filtered off. (2,6-i- 
PrPh)2DABMe2 (318mg) was added and the solution stirred 
overnight . The acetonitrile was removed under reduced 
pressure and pentane added. The orange product was 
25 isolated by filtration and washed and dried. Ih-NMR 
(THF-d8): 1.1-1.4 (m, C-CH-CH3, 24H) , 1-8 (CH3CN, 
6H), 2.2 (N=C-CH3, 6H) , 2.7 {m, C-CH-CH3, 4H) , 7.0-7.2 
(m, C=CH, 6H) . The spectrum is consistent with the 
molecular formula: [((2,6- 
30 iPrPh) 2DABMe2) Co (CH3CN) 2I (BF4) 2 

A portion of the product (43mg) in toluene (25mL) 
in a Schlenk flask was placed under an atmosphere of 
ethylene (35 kPa gauge) and 0.8 ml PMAO solution (9.6% 
Al) was added. The solution turned dark purple After 
35 18 hours the reaction was quenched with MeOH/10% HCl 
which precipitated the polymer. The polymer (0.310g) 
was collected by filtration, washed well with MeOH and 
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dried under reduced pressure. Branching (^H NMR) : 72 
Methyl per 1000 methylene. 

solid Co (II) [(CH3)2CHC(0)0-]2 (17mg, 0.073mmol) 
5 and solid (2 , 6-iPrPh) 2DABMe2 (32mg, 0.079mmol) were 

placed in a Schlenk flask and toluene (25mL) added. An 
ethylene atmosphere was admitted (140 kPa [absolute]) 
and 3.0 ml PMAO solution (9.6% Al) was added. After 18 
hours the reaction was quenched with MeOH/10% HCl which 
10 precipitated the polymer. The polymer (57mg) was 
collected by filtration, washed well with MeOH and 
dried under reduced pressure. 1h NMR indicated 32 
methyl per 1000 methylene. 

The complex { [ (2 , 6-EtPh) ^DABMe^l PdMe (NCMe) }*SbF6^ 
was weighed (50 mg, 0.067 mmol) into a 100 mL round- 
bottom flask inside a dry box. Cyclopentene (20 mL, 
34 00 equivalents per Pd; unpurified) and 
dichloromethane (20 mL) were added to the flask, and 
stirred under a nitrogen atmosphere to give a 
homogeneous solution. A precipitate had formed after 2 
days: After 7 days, the solvent was evaporated and the 
solids were dried in a vacuum oven to give 0.39 g 
polymer (86 turnovers/Pd) . A sample of the polymer was 
washed several times with petroleum ether and ether, 
then dried in a vacuum oven. The polymer was pressed 
at 290°C into a transparent, gray-brown, tough film. 
DSC (0 to 300°C, lO^C/min, first heat) : Tg = 120°C, T, 
(onset to end) = 179 to 232°C, heat of fusion = 18 J/g. 
iH NMR (400 MHz, 120°C, ortho-dichlorobenzene-d4 , 
referenced to solvent peak at 7.280 ppm) : 0.905 (bs, 
IH, cis -CH-CH2-CH-), 1.321 (bs, 2H, cis -CH-CH2-CH2- 
CH-y 1.724 and 1.764 (overlapping bs, 4H, trans -CH- 
CH2-CH2-CH- and -CH-CH^-CH^-CH- ) , 1.941 (bs, IH, trans 
35 CH-CH2-CH-'') . The NMR assignments are based upon 2D 
NMR correlation of. the ^H and ^^C NMR chemical shifts, 
and are consistent with a poly (cis-1 , 3-cyclopentylene) 
repeat unit . 
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^yf""^"'^ 44 0 

The complex { [ (2 , 6-iPrPh) zDABAn] PdMe (OEta) j^SbPg^ 
was weighed (50 mg, 0.054 mmol) into a 100 mL round- 
bottom flask inside a dry box. Cyclopentene (20 mL, 
4200 equivalents per Pd; unpurified) and 
dichloromethane (20 mL) were added, to the flask, and 
stirred under a nitrogen atmosphere to give a 
homogeneous solution. . A precipitate had formed after 3 
days. After 6 days, the solvents were evaporated and 
the solids were dried in a vacuum oven to give 0.20 g 
polymer (55 turnovers/Pd) . A sample of the polymer was 
washed several times with petroleum ether and ether, ; 
then dried in a vacuum oven. DSC (0 to 300°C, 10° 
C/min, first heat) : Tg = 42<'C, T„ (onset to end) = 183 
to 2420C, heat of fusion = 18 J/g- NMR (400 MHz, 70 

°C CDCI3, referenced to solvent peak at 7.240 ppm) : 
0.75 (bm,' IH, cis -CH-CHs-CH- ) , 1.20 (bs, 2H, cis -CH- 
CH2-CH2-CH-) , 1.59 and 1.68 (overlapping bs, 4H, trans 
-CH-CH2-CH2-CH- and -CH-CH2-CH2--CH-) , 1.83 (bs, IH, 
trans -CH-CH2-CH-) . The NMR assignments are based 
upon 2D NMR correlation of the and NMR chemical 
shifts, and are consistent with a poly (cis-1 , 3 - 
cyclopentylene) repeat unit. 

The complex [ (2 , 6- iPrPh) sDABMe^l PdMeCl was added 
(28 mg, 0.050 mmol) to a glass vial containing 
cyclopentene (3.40 g, 1000 equivalents per Pd; 
distilled twice from Na) inside a dry box. A solution 
of MMAO in heptane (1.47 mL, 1 . 7 M Al , 50 equivalents 
per Pd) was added with stirring to give a homogeneous 
solution. A precipitate began to form immediately. 
After 2 days, the solids were collected by vacuum 
filtration, washed several times on the filter with 
petroleum ether and ether, then dried in a vacuum oven 
to give 0.254 g polymer (75 turnovers / Pd) . The polymer 
was pressed at 250°C into a transparent, gray-brown, 
tough film. DSC (0 to 300°C, 10°C/min, first heat): Tg 
= 114°C, T, (onset to end) = 193 to 240<'C, heat of 
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■^r. TA J /a GPC (Dissolved in 1,2,4 
fusxon = 14 J/9- tetrachloroethylene 
trichlorobenzene at ibu v_, 

at 100-C, polystyrene calibration): peak MW = 154,000, 
= 70,200, M„ = 171,000, M./Mn = 2.43. 

Flrnnr"'^ 442 

The complex {[(2,6- . ^v,^,^ f42 

o.OSC into a glas. vial .nsxde a dry box. 

/ -5 An CI 1000 equivalents per Pd; 
rsiirdTwilrrror^a, and"d.c..=.o.e.^ne ^, 
"^fe added with stirring to give a '^-o-™ 
llution. After X day, the soXids were -^^""^ f : 

filtration washed several times on the filter 
vacuum filtration ^ 

with petroleum ether and ether, tne 

I^an L give 1.605 g polymer (4,1 turnovers/Pd, . The 
Tlymer l.s pressed at 250"C into a transparent, gray 

..own, -^-\^ :_f . ,.3 to 4.S, 37.06 % 

''"rilss TGA^'s to 600 °C, 10 =C/min, air) : Ta = 
wexght loss. TGA (25 ^ 10°C/min, 
350°C, 5 % weight loss. DSC (0 to 3^ 

rr _ q4°c Tn, (onset .to end) - lyj- 
second heat) Tg = 94 im ^ , j n 9 4- 

. T/i T/a GPC (Dissolved in 1,2,4 

o,, ^eat of .etrachloroethylene 
trichlorobenzene at ^' ^^^^ ^^.^c mW = 1^2,000, 

at 100 °C, polystyrene calibration; p 
, Mn = 76,000, Mw = 136,000, Mw/Mn = 1-79. 

p^^^plp. 443 

rf9 6 iPrPh) zDABMea] PdClz was weighed 
The complex [ ( 2 , 6- iPrfn; 2^ 2 drvbox. 
(29 mg 0 050 mmol) into a glass vial mside a dry box 
(29 mg, o.u equivalents per 

Cyclopentene was added (6.81 g, ^ ^ 
0 Pd- distilled from polyphosphoric acid), and the 

lid to <0°C A solution of MMAO in heptane 
was cooled to <0 c. ^ ^^^^ 

„ T T T M Al 34 equivalents per 
(1.00 mL, 1.7 M Ai, -3-* '^M Aft-«a-r 1 

iith stirring to give a homogeneous solution After 

a copious precipitate had ^^f/^/^^ f,^:;, 

,3 the solids were =---^^7 "h r'and cyclohexane , 

several times on the filter wicn e .^^^r- 
Then dried in a vacuum oven to S^^^ ^-JJ^J -^^^^^ 

The polymer was coatea witu 
(520 turnovers/Pa) . t"-- jt 
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ppm irganox® 1010 by evaporating an acetone slurry and 
drying in a vacuum oven. The polymer was pressed at 
290°C into a transparent, gray-brown, tough film. DSC 
(25 to 330°C, 10°C/min, second heat) : Tg = 105°C, 
5 (onset to end) = 163 to 244°C, heat of fusion = 21 J/g. 

^^ppplp 444 

The complex [ (2 , 6-iPrPh) ^DABMe^] PdCl^ was weighed 
(29 mg, 0.050 mmol) into a glass vial. inside a dry box. 
cyclopentene was added (6.81 g, 2000 equivalents per 
10 Pd- distilled from polyphosphoric acid), and the vxal 
was cooled to <0»C. A solution of EtAlCl. in hexane 
(1 7 mL, 1.0 M, 34 equivalents per Pd) was added w.th .: 
stirring to give a homogeneous solution- After 4 days, 
the solids were collected by vacuum filtration, washed 
15 several times on the filter with ether and cyclohexane, 
then dried in a vacuum oven to give 1.427 g polymer 
(419 turnovers/Pd) . The polymer was coated with 5000 
ppm irganox® 1010 by evaporating an acetone slurry and 
drying in a vacuum oven. The polymer was pressed at 
20 290°C into a transparent, gray-brown, tough film. DSC 
(25 to 330°C, 10°C/min, second heat) : Tg = 103°C, Tn, 
(onset to end) = 153 to 256°C, heat of fusion = 23 J/g. 

The complex [ (2 , 6-iPrPh) ^DABMe^] PdCl^ was weighed 
25 (29 mg, 0.050 mmol) into a glass vial inside a dry box. 
cyclopentene was added (6.81 g, 2000 equivalents per 
Pd- distilled from polyphosphoric acid), and the vial 
was cooled to <0°C. A solution of EtAlCl.aEt.AlCl m 
toluene (1.9 mL, 0.91 M, 68 equivalents Al per Pd) was 
30 added with stirring to give a homogeneous solution. 
After 4 days, the solids were collected by vacuum 
filtration, washed several times on the filter with 
ether and cyclohexane, then dried in a vacuum oven to 
give 1.460 g polymer (429 turnovers/Pd). The polymer 
35 was coated with 5000 ppm Irganox® 1010 by evaporating 
an acetone slurry and drying in a vacuum oven. The 
polymer was pressed at 2 90°C into a transparent, gray- 
brown, tough film. DSC (25 to 330»C, lO^C/min, second 
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heat): .T3 = 101°C, (onset to end) = 161 to 258-C, 

heat of fusion = 22 J/g. 

The complex [ (2 , 4 , 6 -MePh) .DABAn] NiBr^ was weighed 
5 (32 mg, 0.050 mmol) into a glass vial inside a dry box. 
Cyclopentene was added (6.81 g, 2000 equivalents per ■ 
Ni; treated with 5 A molecular sieves, -^/^^^^^^^^ 
from Na and PhsCH) , and the vial was cooled to <0 C A ■ 
solution of EtAlCl.aEt.AlCl in toluene (1.9 mL, 0.91 M, 
10 68 equivalents Al per Ni) was added with stirr.ng to 

give^ homogeneous solution. After 5 days, the sol.ds 
were collected by vacuum filtration, washed several 
times on -the filter with ether and cyclohexane, and 
dried in a vacuum oven to give 2.421 g polymer (711 
15 turnovers/Ni) . The polymer was coated with 5000 ppm 
irganox® 1010 by evaporating an acetone slurry and 
drying in a vacuum oven. The polymer was pressed at 
290°C into a transparent, brown, tough film. DSC (25 
to 330°C, 10°C/min, second heat) : T, = 103°C, T. (onset 
20 to end) = 178 to 272°C, heat of fusion = 22 J/g. 

^y^TTT"'''- . 

The complex [ (2 , 4 , 6-MePh) .DABAn] NiBr. was weighed 
(128 mg, 0.202 mmol) into a glass bottle inside a dry 
box. cyclopentene was added (27.1 g, 2000 equivalents 
2S per Ni; treated with polyphosphoric acid, and d^st.lled 
from Na) . A solution of EtAlCl. in hexane (6.8 mL, 1.0 
M 34 equivalents Al per Ni) was added with st.rr.ng to 
give a homogeneous solution. After 1 day, additional 
cyclopentene was added (58 g, 6200 total ^^^^^^^^^ 
30 per Ni) to the bottle containing a heavy slurry After 
5 days, the solids were slurried with ether, collected 
by vacuum filtration, washed several times with ether 

^=■i^^^»r and dried in a vacuum 
and cyclohexane on the filter, ana a 

oven to give 36.584 g polymer (2660 turnovers/Nx) . The 
35 polymer was washed with 50:50 aqueous HCl/MeOH, 

followed by several washings with 50:50 H.O/MeOH, and 
dried in a vacuum oven. A fine powder sample was 
obtained, using a 60 mesh screen, and coated with 5000 
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drying in a vacuum oven. Tne line p ^ ^..^ 

a7290«C into a transparent, pale brown, tough f.lm. 
TO. (23 to VOO»C, 10»C/™tn. nitrogen, = T. " 
, ena, = .va to S.o-C, S^.2S -eight Xos US^to^^ 
330°C, 10-C/min, second heat) . T, - J^' " 
end) - n4 to.279-C, heat of fusion = 25 J/g. DSC 
to 25=C, 10 =C/n.in. first cool): T. (onset to end) - 
247 to 142°C, heat of fusion - 28 J/g; T. (peal.) - 
,0 223-C DSC isothermal crystallizations were performed 
■ by heating samples to 330"C followed by rapid cool.ng 
Z the specified temperatures, "C, and measuring the , 
exotherm half-times (min) : 200 ' 
,X 43), 225 « 1.4), 230 (1.45), 240 (1.88) 245 
,5 <l 62) . DSC thermal fractionation was performed by 
heating a sample to BBO-C followed by stepwise 
fsotheLal e^ilibration at the specified tempe-tures, 
■C and times (hr, : 290 (10), 280 (10), 270 (10) 260 

250 (10), 240 (8), 230 (8), 220 (8), 210 (8), 200 
■iro (:),lBO ,6), 170 (6), 160 H>.---' ^ 
,4), 130 (3), 120 (3), 110 (3). 

10,C/min, thermal 4V, I'/.O.S), 

i:;Ti.risra.ri6r(i.-9,^.. u.- 
" - :r7;: rsi ;r.:^/.r9 11.2,: r7: To::;: r8r(^ 

^ ^3./;, ^ DMA (-100 to 200°C, 

total heat of fusion =34.6 J/g. DMA ^ _ 
1 2 3 5, 10 HZ ; pressed film): modulus (-100 C) 
2^00' MpI Y relaxation = -67 to -VO^C (activation 
2500 Mfa, r T /oc:;°r^ = 1600 MPa, a 

30 energy = H kcal/mol) , modulus (25 C) ib 
30 energy (activation energy = 139 

relaxation (Tg) - 10 y to 

kcal/mol) . 

FlXrimpI^ 448 

The complex [ ,2 , 4 , 6-MePh) ^DABim) NiBr. was weighed 
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35 (32 mg, 0.050 mmol) into a glass bottle inside a dry 
box cyclopentene was added (34 . 1 g, 10 , 000 
equivalents per Ni high-purity synthetic material 
dfstilled from Na) , and the vial was cooled to <0 C. 
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solution of M«AO in heptane (2.7 n^, 1.95 » /^^^ "° 
equivalents Al per Nil was added with stirrxng to gxve 
a homogeneous solution. After 3 days, a copious 
;recip!tate had formed. After , days, the reaction was 
benched with 20 ml, MeOH and 2 nO, acetylacetone . The 
lolids were washed several times with 3 mL aqueous HCl 
in 30 mL MeOH by decanting the free liquids . The 
solids were collected by vacuum filtration, "-^-"^ . 
several times on the filter with methanol, and dried xn 
a vacuum oven to. give 14.365 g polymer (4200 
tumovers/Ni) . The polymer was coated with 5000 ppm 
irganox® 1010 by evaporating an acetone slurry and ■ 
drying in a vacuum oven. The polymer was pressed at 
250°C into a transparent, , colorless, tough film. 
(0 to 320°C, 20°C/min, second heat) : - 95 c, „ ^ 

(onset to end) - 175 to 28V"C, heat of fusion - 20 J/g. 

The complex [( 2,4,6 -MePh).DABAn]NiBr. was weighed 
(32 mg, 0.050 mmol) into a glass bottle inside a dry 
box. Cyclopentene was added (34.1 g, 10,000 
equivalents per Ni; high-purity synthetic -^^^^ 
distilled from Na), and, the vial was cooled to <0 C A 
solution of EtAlCl.^Et.AlCl in toluene (2.8 mL, 0.91 M, 
100 equivalents Al per Ni) was added with st.rrxng to 
give a homogeneous solution. After 3 days, a 

^ ^ ^ Aft-er 7 days, the reaction was 
precipitate had formed. After 7 aay , 



quenched with 20 mL MeOH and 2 mL acetylacetone. 
solids were washed several times with 3 mL ague 
in 30 mL MeOH by decanting the free liquids. 



30 solids were collected by vacuum filtration, washed 

sivetal times on the filter with methanol, and dried m 
a vacuum oven to give 7.254 g polymer (2113 
Lrnovers/Ni) . The polymer was coated with 5000 ppm 
irganox- 1010 by evaporating an acetone -1"=^ and 
35 drying in a vacuum oven. The polymer Pf--"^ 

2^-C into a transparent, colorless, tough film. DSC 
(0 to 320°C, 20°C/min, second heat) : T, = 94 C, „ 
(onset to end) - 169 to 274"C, heat of fusion = 18 J/g. 
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p.-yampTe 4 50 

Bis (benzofiitrile) palladium dichloride (0.385 g, 
1.00 mmol) and (2, 6-iPrPh) zDABMea (0.405 g, 1-00 mmol) 
were weighed into a glass vial inside a dry box. 

5 Dichloromethane (8 mL) was added to give a dark orange 
solution. Upon standing, the solution gradually 
lightened in color. Cyclohexane was added to 
precipitate an orange solid. The solids were collected 
by vacuum filtration, washed several times with 

10 cyclohexane. and dried under vacuum to give 0.463 g (80 
%) of the complex [ (2 , 6-iPrPh) aDABMeal PdClj • .^H NMR 
(3 00 MHz, CD2CI2, referenced to solvent peak at 5.32 ' 
ppm) : 1.19 (d, 12H, CH3-CHAr-CH3) . 1.45 (d, 12H, CH3- 
CHAr-CH3) , 2.07 (s, 6H, (CH3-C=N-Ar) , 3.07 (m, 4H, 

15 (CH3)2-CH-Ar) , 7.27 (d, 4H, meta ArH) , 7.38 (t, 2H, 
para ArH) . 

^.ypTPplg^ 4 51 

A sample of polycyclopentene prepared in a similar 
fashion to Example 317 gave a transparent, brown, tough 
20 film when pressed at 290°C.. DSC (25 to 330°C, 10°C/min, 
second heat) : Tg = 98°C, (onset to end) = 174 to 284 

°C, heat of fusion. = 26 J/g. A 5 g sample that was 
molded at 280°C into a test specimen suitable for an 
apparatus that measures the response to changes in 
25 pressure, volume and temperature, and the data output 
was used to calculate the following physical 
properties. Specific gravity, g/cm^, at temperature 
(°C) : 1.033 (30), 1.010 (110°C) , 0.887 (280), 0.853 
(350) . Bulk compression modulus, MPa, at temperature 
30 (°C) : 3500 (30), 2300 (110), 1500 (170). The 

coefficient of linear thermal expansion was 0.00009 
ocBi between 3 0 and 110°C. 

A solution of { [(2,6-i-PrPh)2DABMe2] 
35 PdCH2CH2CH2C(0)OCH3}+SbF6- (1.703 g) in 1 . 5 L CH2CI2 
was transferred under nitrogen to a nitrogen purged 1 
gallon Hastalloy® autoclave. The autoclave was 
charged with 300 g of propylene and stirred for 24 h 
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while maintaining the temperature at 25-C. The 

pressure was then vented. The polymer product was 

floating on the solvent. Most of the solvent was 

removed in vacuo, and the polymer was dissolved xn 

minimal CHCI3 and then reprecipitated by add.txon of 

excess acetone. The polymer was dried xn vacuo at 60 C 

for three days to give 271 g of green rubber. 

Quantitative "C NMR analysis, branchxng per ^°<'0 CH2. 

^ n i->e:<^\ >Butvl and end of chaxns 18) , 
Tot-al methyls (365) , s^ui-yj- 

™<ChL (31), -<CH.,„CH,CH3.. n.2 • --^J"^ 

the total methyls, the fraction of ^.--^^-^j;' 
38%. Analysis of backbone carbons (per 1000 CH,) . 

'"^'Lir/ed balol'are the "C NMR data upon which the 

above analysis is based. 

13c NMR data 
TCB, 12 OC, 0.0 5M CrAcAc 

Freq pptn Intensity 

47.1728 14.6401 

46.7692 . 9.89618 

46.3285^ 13.3791 

45.8719 7.94399 

45.4684 11.1421 

45.2719 7.80142 

44.4754 7.11855 

39.1923 29.1488 

38.2791 14.2142 

38.1304 18.7602 

37.9074 14.9366 

37.6631 15.0761 

37.2809 39.5816 

35.5074 8.29039 

34.865 9.75536 

34.5889 14.9541 

34.2915 24.0579 

33.2455 9.86797. 

32.9747 19.2516 

30.6013 52.6926 

30.134 55.0735 Y 



30.0066 25.1831 
29.7518 



144.066 8+ 
12.2121 3B4 



29.3217 

28.2013 51.5842 ^ 

27.9783 39.5566 

27.5376 33.189 

27.373 35.5457 

27.1659 47.0796 

27.0438 42.1247 ^^^i^al methine of XXVIII 

25.6315 21.6632 
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23 . 


3589 


15.3063 


23 . 


0722 


18 .4837 


22 . 


. 5306 


77 .0243 


21 


. 1129 


7.78367 


20 


.5554 


26 .9634 


20 


.4386 


30 .3105 


20 


.0085 


22.478 


19 


.743 


46.6467 


13 


.8812 


9.03898 



Methyl of XXVIII and XXIX, 2B4 , 
2B5+, 2EOC 

Methyl of XXVIII and XXIX, 2B4, 
2B5+, 2EOC 

Methyl of XXVIII and XXIX, 2B4, 
2B5+, 2EOC 

IBi 
IBi 
IBi 
IBi 

IB4+, lEOC 



^r^nT"*^ 453 

A 250 mL Schlenk flask was charged with 10 mg of ; 
[(2 6-i-PrPh)2DABH2]NiBr2 (1.7x10-5 mol) , and 75 mL of 
dry' toluene. The flask was cooled to O^C and filled 
with propylene (1 atm) before addition of 1 . 5 mL of a 
10% MAO solution in toluene. After 45 min, acetone and 
water were added to quench the reaction. Solid 
polypropylene was recovered from the flask and washed 
with 6 M HCl, H.O, and acetone. The resulting polymer 
was dried under high vacuum overnight to yield 1.2 g 
(2300 TO/h) polypropylene. Differential scanning ^ 
calorimetry : Tg = -19^C. GPC ( trichlorobenzene , 135 
C polystyrene reference): Mn = 32,500; Mw = 60,600; 
Mw/Mn =1.86. Quantitative :^3c NMR analysis, branching 
per 1000 CH2: Total methyls (813), Based on the total 
methyls, the fraction of 1 , 3 -enchainment is 7%^ 
Analysis of backbone carbons (per 1000. CH2): 8 (3), 

(0.4) . 

Listed below are the ^^^c NMR data upon which the 
above analysis is based. 

13c NMR data 

TCB, 120c, 0.0 5M CrAcAc 

„ Intensity 

Freq pptn 



47 . 194 
46 . 9922 
46 . 8276 
46.2011 
45.4153 
43.5356 
42 .925 
41.5551 
38 .826 



18.27 
21.3352 
35.7365 
27 .2778 
8 . 55108 
2 .71929 
3 .37998 
2 .63256 
3 .03899 
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38 .4012 

38 .0561 

37 .626 

37 .4879 

37 .2755 

36 .1021 

35.3057 

34.4986 

33.219 

32.9375 

32.242 

30.8349 

30.5217 

30 . 0916 

28 .1111 

27.5217 

27 .1394 

24 .5005 

21.0439 

20.5342 

20. 0191 

19. 8758 

16.9236 

16.3926 

14.9006 

14,513- 



10.2858 

8 .50185 

7 .10732 

6.55335 

9.25058 

4 .48005 

14 .5319 

11.1193 

9.43548 

4 . 94953 

3.16177 

24.1766 

19.8151 

3 .70031 

144 

13.9133 
3 .83857 
6 .94946 

5 .25857 
40.8641 
60.4325 
63 .0429 

6 .47935 
5.92056 
10.6275 
3.39891 



rs^ (2-t-BuPh)2DABAn. A Schlenk tube' 
Preparation of i^ut- ix; . 

r with 2-t-butYlaniline (3.00 ml.. 19.2 mmol) 

was charged wxth 2 t ^ 

reagents were partxally d soluble) and 1- 

rrorr:ir:rr a:::rL o .... .o^e. 

and was collected via filtration after Jtirr.ng 

overnight: The solid was crystalline, fro™ CH2CI 

,3.51 g, 84.1%). N«R (CDCI3, 250 MHz, 8 7.35 (d 

,„ J . 8.0 HZ.-BIAn: Hp,. 7.52 (m, 2H, Ar= H.K 7^35 

^Hd 2H J - 8.0, 7.3 HZ, BISn: H™, , 7.21 (m, «, Ar . 

rindX:, ..32 2„, .r=Ho,,e.81 ,d, 2H, . = ..S 

« A -1 (s 18H, C(CH3)3)- - 

Hz, BIAn: Ho)/ 1-38 ^S, xon, 

preparation of , S- t-BuPh, .O^An. 
was Charged with ------^ ^ ^ ^3 . -e 

and -----r-rsroi: d in" 0 ^ Of methanol 
reagents were partially di soluble) and 1- 

(acenaphthenequinone was not completely 
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2 mL of formic acid was added. A solid was colleot.d 
Via filiation af«r s.irring overnight ".e.pW 
..,.aXii.a.ion fro. e..e. - ..o„ CH.C^ X^e^-^ 
-orange/yellow powder (1.75 g, 66, ,3, 2H, 

5 ™z) 6 7.85 (d. 2H, J - S.l HZ, BIAn-. Hp) 7.44 ^ . 

BIAn: H™), 7.20 (dd, 2H. J - 8.1 2^2 Hz, P^' 
,a 2H J i 2.2 HZ, at: Ho), 6-86 (d, .2H, J - 7.0 H , 
BIAn: Ho), 1-37, 1-27 (S, ISHeach, C(CH3)3). 

preparation of 1 ,2-t-BuPh, ^DABAn, NiBr^ . A Sc^en. 
tube was Charged with 0.202 g 

BuPh)2DABAn, which was then dissolved rn 15 mL of 

rHrcii.-ssoi.t.nw — ^ 

:L'::ri:rJrr: L^atLwed to stir ovemlght 

r a deep red solution. The solution was 

nrtera:: theTol^ent evaporated under vacuu.. .he 
residue was washed with ether (2x10 mW and an 
orl^gZ/rust solid was isolated and dried under vacuu. 
{0 . 18g, 62%) . 

'4= r (o ^_^-BuPh) 2DABAn]NiBr2 . A 
preparation of [(2 5 ^^^^^^ ^ 

Schlenk tube was ^^-^^^^^^^^^ (BME)NiBr2 
(9 5-t-BuPh)2DABAn, 0.310 g (1-00 mtnoi) o \ , 
T of CH,C12 The reaction mixture was allowed 
and 3 5 mL of CH2CI2 • Altered and the 

to stir overnight.. The solution was filtered a 
no suxx. ^ =1 residue was 

::r;r»Tr r;:.:r™„ r...... ...» — 

was dried under vacuum CO. 64 g, 83%) . 

^ v,-icThlv chain- straightened polypropylene 
preparation of -^^^VJ- , ,_BuPh) 2DAB^1 NiBr2 

filled with propylene. ^^^^^^^ resulting solution 
mL) was added via syringe and the resulti g 

stirred in a water bath at room temperature. 



20 



25 



30 



35 



■was 
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polymerization was initiated by addition of j 
methylaluminoxane (^4AO; 1 . 5 mL 10% soln in toluene) and 
a propylene atmosphere was maintained throughout the 
course of the reaction. The reaction mixture was 
stirred for two hours at constant temperature followed 
by quenching with 6M HCl . Polymer was precipitated 
from the resulting solution with acetone^ collected, 
washed with water and acetone, and drie^ under vacuum. 
Yield = 1.41 g. DSC: Tg -33.G°C. ^20. 4 C (apparent 
Tm is a small shoulder on the Tg) . Quantitative 13c NMR 
analysis, branching per 1000 CH2 : ^tal methyls (226), 
>Butyl and end of chains (8.5), Ch6h2CH (CH3 ) 2 (2-3), - 
(CH2)nCH(CH3)2 n>2(12.1). Bas/d on the total 
methyls, the fraction of 1 , 3- enchainment is 53%. 
Analysis of backbone carbons /per 1000 CH2) : 5+ (254), 
8+/Y (1.96) . 

g,yaTyiT/lP, 459 
Preparation of highl/ chain- straightened 
polypropylene with a lov/Tg. The complex [ (2 , 5- t- - 
BuPh)2.DABAn]NiBr2 (O.o/sSg, 2.0x10-5 mol) was placed 
into a flame-dried 25/ mL Schlenk flask which was then 
evacuated and back-£^lled with propylene. Freshly 
distilled toluene /oo mL) was added via syringe and 
the resulting sol/tion was stirred in a water bath at 
25 room temperature/ Polymerization was initiated by 

addition of 1.5/mL of a 10% MAO solution in toluene, 
and a propyler^ atmosphere was maintained throughout 
the course 0/ the reaction. The reaction mixture was 
stirred fo/two hours at constant temperature followed 
by quenching with 6M HCl. Polymer was precipitated 
from the/resulting solution with acetone, collected, 
washed /ith water and acetone, and dried under vacuum. 
Yield/ 0.75 g. DSC: Tg -53.0°C, Tn, none observed. 
Quanyitative "C NMR analysis, branching per 1000 CH^: 
35 Tot^ methyls (307), > Butyl and end of chains (11.2), 
-C^^H,CH(CH3). (11.5), -(CH,),CH(CH3)., n^2 (5.9). Based 
the total methyls, the fraction of 1 , 3 -enchainment 



20 



30 



01 
.s 43' 
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Listed below 
above analysis is 



Freq ppm 
46 .3126 
46.079 
45.463 
45.24^53 
39. 1764 
38 .4384 
38 .1145 
37.8755 
37.626 
37 .2702 
35 .0773 
34 . 5304 
34 .2543 
33 . 7818 
33 .2986 
32 . 9588 
31. 934 
31.419 
30. 5907 
30 . 1287 



are the NMR data upon which the 

based. / 
13c NMR da4;a 

iM CrAcAc 



\ 



n 



29 . 7518 
29. 3217 
28 . 1589 
27 . 9677 
27 . 5589 
27.3783 
27 .1766 
27 , 0226 
^25.6 
24 .5908 
24 .4315y 
22 .525- 

20 .43^3 
19.7^71 
14.7679 
14 /4O68 
13/ 8812 




8.69462 
9 .27804 
30 . 7474 

20 . 0121 
103 . 079 
5 . 0022 
4 .56246 
12.3077 



terminal methine of XXVIIX 



region of methyls of XXVXII 
and XXIX, 2B4+, 2E0C 

IBi 



IB4+, lEOC 



10 



/reparation of highly chain- straightened poly-l- 
hexe/e with a high T.. * flame-dried 250 ^-"^^^^ 
flaA under a nitrogen atmosphere was charged w.th 40 
freshly distilled toluene, 0.0133 g °' '^^^ ^ 

L si mL more toluene (100 mL total volume of l.gurd, 
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polymerization was initiated by addition of 2 . 0 mL of 
MAO (10% solution in toluene) . The reaction mixture 
was stirred for 11.5 hours at room temperature followed 
by quenching with 6M HCl . Polymer was precipitated 
from the resulting solution with acetone, collected vxa 
filtration, washed with water and acetone, and^ dried 
under vacuum. Yield =1.84 g. DSC: Tg -44.8 C, Tm 



46 . 0°C. 



Preparation of highly chain- straightened poly-1- 
hexene with a high Tn». A flame-dried 250 mL Schlenk 
flask under a nitrogen atmosphere was charged wxth 40 
mL of freshly distilled toluene, 0 . 0155g of [{2,5-t- 
BuPh)2DABAn]NiBr2 (2.0x10-5 „ol) , 5.0 mL of 1-hexene, 
and 55 mL more toluene (100 mL total volume of Ixquxd) . 
Polymerization was initiated by addition of 2 . 0 mL of 
MAO (10% solution in toluene). The reaction mixture 
was stirred- tor 11.5 hours at room temperature followed 
by quenching with 6M HCl. Polymer was precipitated 
from the resulting solution with acetone, collected via 
filtration, washed with water and acetone, and^ dried 
under vacuum. Yield = 1.07 g. DSC: Tg -54.7 C, T^ 



12 .5°C 



pyarnplf. 4 62 

Preparation Of [ (2 - t-BuPh) zDABAn] PdMez from (1,5- 
cyclooctadiene)PdMe2. The Pd(II) precursor (1,5- 
cyclooctadiene)PdMe2 ((C0D)PdMe2) was prepared 
according reported procedures (Rudler-Chauvin, M. ; 
Rudler, H. J. Organomet. Chem. , 1977, 134,, 115.) and 
was handled using Schlenk techniques at temperatures of 
.10°C or below. A flame-dried Schlenk tube was charged 
with 0.056 g (0.229 mmol) of (COD)PdMe2 and cooled to - 
40°C in a dry ice/isopropanol bath. The solid was 
dissolved in 10 mL of ether, and the diimine .(2-t- 
BuPh)2DABAn (0.106 g, 0.238 mmol) was cannulated onto 
the stirring solution as a slurry in 15 mL of ether. 
The reaction was warmed to 0 "c and stirring was 
continued for two hours. The reaction flask was . stored 
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at -3 0°C for several days and resulted in the formation 
of a green precipitate which was isolated via 
filtration. The supernatant was pumped dry under high 
vacuum and also resulted in a green solid. Both solids 
were determined to be [ (2- t-BuPh) 2DABAn] PdMe2 by NMR 
spectroscopy. Isolated yield = 0.083 g (0.143 mmol , 
62.4%) . 

Example 4 63 

Preparation of [ (2 , 5- t-BuPh) 2DABAn] PdMe2 from 
(1, 5-cyclooctadiene) PdMe2 - The Pd(II) precursor (1,5- 
cyclooctadiene) PdMe2 ( (COD) PdJyie2 ) was prepared 
according reported procedures (Rudler-Chauvin, M. ; 
Rudler, H. J. Organomet. .Chew., 1977, 134, 115.) and 
was handled using Schlenk techniques at temperatures of 
-lO^'c or below. A flame-dried Schlenk tube was charged 
with 0.102 g (0,417 mmol) of (C0D)PdMe2 and cooled to - 
30°C in a dry ice/isopropanol bath. The solid was 
dissolved in 10 mL of ether, and the diimine (2,5-t- 
BuPh) 2DABAn (0.234 g, 0.420 mmol) was cannulated onto 
the stirring solution as a slurry in 40 mL of ether. 
The reaction was warmed to 0°C and stirring was 
continued for four hours. The reaction flask was 
stored at - 3 0°C overnight. The resulting dark green 
solution was filtered and the solvent was pulled off 
under high vacuum to give a dark green powder. 
Analysis by NMR spectroscopy showed the solid to be 
consistent with the desired product, [{2,5-t- 
BuPh) 2DABAn] PdMe2 . Yield = 0.256 g (0,370 mmol, 
88 . 7%) . 

Example 464 

In a dry box, polymer from Example 469 (0.57 g) , 
THF (10.10 g) and acetic anhydride (0.65 g) were placed 
in a 20 mL vial equipped with a stirring bar. After 
one hour at room temperature, the vial was removed, from 
the dry box and the polymerization terminated by the 
addition of THF, water and ether.. The organic phase 
was separated, washed with water (2x) , dried over 
anhydrous sodium sulfate, concentrated at reduced 
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10 



15 



20 



25 



pressure and then dried under vacuum, affording 4.44 g 
of polymer. GPC analysis (PS STD.) : Mn = 17600, Mw = 
26000, PD = 1.48. 

Fyamplf"- 465 

Preparation of CH,=CH (CH,) aCHICH. (CF,) ,OCF,CF,SO,F 
A mixture of 72 g of hexadiene, 127.8 g of 
ICF,CF20CF3CF3SO.F, 7 . 0 g of Cu powder and 180 mL of 
hexane was stirred at 90°C overnight. Solids were 
removed by filtration and washed with hexane. After 
removal of volatiles, residue was distilled to gxve 
115 3 g of product, bp 80°C/210 Pa. "f NMR: -h45 (t, J = 
6.0 HZ, IF), -82.7 (m, 2F) , -88.1 (dt, J = 42.5 Hz, J =: 
12.6 HZ, IF), -88.7 (dt, J = 45.5 Hz, J = 12.6 Hz, IF), 
-112.7 (m, 2F), -115.9 (ddd, J = 2662.2 Hz, J = 30.0 
HZ, J = 8.2 HZ, IF), -118.9 (ddd, J = 262.2 Hz, J = 
26.8 Hz, J = 7.4 Hz, IF) . 

Preparation of CH,=CH(CH.). (CF,) .OCF.CF^SO^F 
To a stirred solution of 100 g of 
CH,=CH(CH.).CHICH.(CF,).OCF.CF.SO.F and 200 mL of ether 
was added 63 g of Bu3SnH at room temperature. After the 
addition was complete, the reaction mixture was 
refluxed for 4 hours and then cooled with ice water. 
Excess of Bu3SnH was destroyed by addition of iod.ne. 
After being diluted with 200 mL of ether, the reactxon 
mixture was treated with a solution of 25 g of KF xn 
200 mL of water for 30 min. The solids were removed by 
filtration through a funnel with silica gel and washed 
with ether. The ether layer was separated and washed 
with water, aqueous NaCl . solution and dried over MgSO. . 
After removal of the ether, residue was distilled to 
give 54.7 g of product, bp 72°C/1.3 kPa, and 12.2 g of 

Starting material. 

^^F NMR: -H45 (m, IF), -82.7 (m, 2F) , -88.0 (m, 
35 2F), -112.6 (m, 2F) , -118-6 (t, J = 18.4 Hz, 2F) . 

Preparation of CH,=CH (CH,) . (CF,) .OCF,CF,SO.F 



30 
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A mixture of 24 g of hexadiene, 53 g of 
I(CF,).OCF,CF,SO,F, 3 . 0 g of Cu powder and 60 mL of 
hexane was stirred at 70°C overnight. Solids were 
removed by filtration and washed with hexane. After 
5 removal of volatiles, residue was distilled to gxve 

115 3 g of adduct, CH.=CH(CH,).CHICH.(CF,).OCF.CF,SO.F, bp 
74°C/9 Pa. "F NMR: -.45.5 (m. IF), -82.4 (m, 2F) , -83.5 

2F), -112.2 (dm, J = 270 Hz, IF), -112.6 (m, 2F) - 
li;.2 (dm,J = 270 HZ, IF), -124.3 (s, 2F) , ~ -125. 5 (m, 

10 2F) - 

To stirred solution of 47 g of 
CH,-CH(CH.),CHICH,(CF,),OCF,CF,SO,F and 150 ml. 
„a= added 27 g of Bu.SnH at room temperature. After the 
addition was complete, the reaction mixture 
,5 overnight. Excess of Bu.SnH was destroyed by addition 
of iodine. After being diluted with 150 ml, °« 
the reaction mixture was treated with a solution of 20 
g of KF in 100 mL of water for 30 min. The solids were 
Lmoved by filtration through a funnel with 
and washed with ether. The ether layer was 
and washed with water, aqueous NaCl solution and dried 
over Mgso.. After removal of the ether residue was 
distilled to give ,24.7 g of product, bp '^f^'^Jf^- 
^F NMR: .45.4 (m. IF), -82.4 (m, 2F) , -83.5 (m, 2F) 
25 112 6 (t, J - 2.6 H., 2F), -115.1 (t, J - 1= Hz, 2F) - 

■>v^ 125 7 (t J - 14 HZ, 2F). HRMS •. calcd 

124.3 (s, 2F) , -125./ VT^, ' 

for C,aH.xF,3S03: 482.0221. Found: 482.0266. 

Hydrolysis of Copolymer 
30 copolymer containing 8.5 mol% of comonomer (1.5 g) 

was dissolved in 30 ml, of THF at room temperature . KOH 
(0 5 g) m 5 ml. of ethanol and 3 ml. of water was added 
and the resulting mixture was stirred at. room 
temperature for six hours. After removal of the 
35 solvent, residue was treated with diluted HCl for 70 
hours and then filtered to give solids which were 
Tashed with water, HCl and dried under full vacuum at 
70°C for two days to give 1.4 g solid. 
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Hydrolysis of Copolymer 
A mixture of 10.6 g of copolymer 5 . 0 g of KOH, 2 
mL of water, 3 0 mL of ethanol and 3 0 mL of THF was 
stirred at room temperature overnight and at 6 0 to 70°C 
for 5 hours.' After removal of a half of solvents, 
residue was treated with Cone. HCl to give rubbery 
material, which was poured into a blender and blended 
with water for 3 0 min. Filtration gave solids, which 
were washed with cone . HCl , and water and dried under 
vacuum at 60°C overnight to give 8 . 7 g of dark rubbery 
material. ^^F NMR (THF) : -82.8 (br, 2F) , -88.5 (br, 2F) ; 
-118. .3 (br, 2F) , -118.5 (br, 2F) . 

E^^ample 47Q 
Hydrolysis of Homopolymer 
A solution of 2 . 0 g of KOH in 25 mL of ethanol 
and 2 mL of waster was added to a flask with 3 . 0 g of 
homopolymer. The resulting heterogeneous mixture was 
stirred at room temperature overnight and heated. to 
60°C for 2hours . After removal of one-half of liquid, 
the reaction mixture treated with 40 mL of cone. HCl 
for 3 0 min. Filtration gave white solids which were 
washed with cone. HCl, and distilled water and dried 
under vacuum at 60-70'^C for 24 hours to give 2.9 g of 
white powder . 

Example 471 
1-Octadecene (8 mL, 8 vol %) was added to a 
suspension of [ (2 , 6-i-PrPh) sDABAn] NiBr2 (12 mg, 1.7x10"^ 
mol) in 100 mL of dry toluene. The flask was cooled to 
-1°C using an Endocal® refrigerated circulating bath 
and 2 . 5 mL of a 7% MMAO solution in heptane was added. 
After stirring the reaction for 40 min, the flask was 
filled with propylene (1 atm) and stirred for 2 0 
minutes . The propylene was removed in va.cuo and the 
reaction allowed to continue for an additional 40 min. 
Acetone and water were added to quench the 
polymerization and precipitate the polymer. The 
resulting triblock polymer was dried under high vacuum 
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overnight to yield 650 mg of a rubbery solid. GPC 
(trichlorobenzene, 135 °C, polystyrene reference) : Mn = 
60,100; Mw = 65,500; Mw/Mn = 1.09. DSC analysis: Two 
melt transitions were observed. = 8°C (32 J/g) , Tm 

5 = 37°C (6.5 J/g). ^H-NMR analysis (CDCI3) : signals 
attributable to repea't units of propylene and 1- 
octadecene were observed. 

v.^^mp-le> 472 
Preparation of (2-i-Pr-6-MePh) 2DABAn 

10 A Schlenk tube was charged with 2-isopropyl-6- 

methylaniline (5.00 mL, 30.5 mmol) and 

acenaphthenequinone (2.64 g, 14.5 mmol). The reagents, 
were partially dissolved in 50 mL of methanol 
(acenaphthenequinone was not completely soluble) and 1- 
15 2 mL of formic acid was added. An orange/yellow solid 
was collected via filtration after stirring overnight, 
and was washed with methanol and dried under vacuum. 

F.-jfample 473 
Preparation of (2-i-Pr-6-MePh) 2DABMe2 
20 A Schlenk tube was charged with 2-isopropyl-6- 

methylaniline (5.00 mL, 30.5 mmol) and 2 , 3-butanedione 
(1.31 mL, 14.9 mmol) . Methanol (5 mL) -and one drop of 
concentrated HCl were added and the mixture was heated 
to reflux with stirring for 30 minutes. The methanol 
25 and remaining dione were removed under vacuum to give a^ 
dark, oily residue. The oil was chromatographed on a 
silica gel column using 10% ethyl acetate: 90% hexane 
as the eluent. The fractions containing the pure 
diimine were combined and concentrated. The remaining 
30 solvents were removed under vacuum to give a pale 
yellow powder (0.9217 g, 17.75 %) . 

^yT?mp"'<=^ 474 
Preparation of . [ (2-i-Pr-6-MePh) 2DABAn] NiBr2 
Under inert conditions, a flame-dried Schlenk tube 
35 was charged with 0.50 g (1.13 mmol) of (2-i-Pr-6- 

MePh)2DABAn, 0.34 g (1.10 mmol) of (DME)NiBr2 and 25 mL 
of CH2CI2. The reaction mixture was allowed to stir 
overnight. The solution was filtered and the solvent 
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removed under vacuum. The residue was washed with 
ether (4 x 10 mL) to give an orange/yellow powder which 
was dried under vacuum overnight (0.68 g, 94%) . 

B?g;ampJLg 475 

Preparation of [ (2 -i-Pr-6 -MePh) 2DABMe2] NiBr2 
Under inert conditions, a flame-dried Schlenk tube 
was charged with 0.3040 g (0.8722 mmol) of {2-i-Pr-6- 
MePh) 2DABiyie2 , 0.2640 g (0.8533 mmol) of (DME)NiBr2 and 
25 mL of CH2CI2 . The reaction mixture was allowed to 
stir overnight. A solid was collected via filtration 
and washed with ether (2 x 10 mL) . Upon sitting, more 
solid precipitated from the supernatant. This 
precipitate was isolated via filtration, washed with 
ether, and combined with the originally isolated 
product . The combined yellow/orange solids were dried 
under vacuum overnight (0.68 g, 94%). 

By;^mpl^ 476 

Under a nitrogen atmosphere, the complex [(2-i-Pr- 
6-MePh) 2DABAn] NiBr2 (0.0099 g, 1.5x10-^ mol) was placed 
into a flame-dried 250 mL Schlenk flask which was then 
evacuated and back-filled with propylene. Freshly 
distilled toluene (100 mL) was added via syringe and 
the resulting solution was stirred for five minutes at 
room temperature. Polymerization was initiated with 
addition of methylaluminoxane (MAO; 1 . 5 mL 10% solution 
in toluene) and a propylene atmosphere was maintained 
throughout the course of the reaction. The reaction 
was stirred for two hours at constant temperature, at 
which point the polymerization was by quenched with 6M 
HCl. Polymer was precipitated from the resulting 
solution with acetone, washed with water and acetone, 
and dried under vacuum. Yield = 3.0 9 g. DSC: Tg - 
31. 2^*0 . GPC: Mn = 142,000; Mw = 260,000; Mw/Mn = 
1 . 83 . 

F;:?t^niple 477 

Under a nitrogen atmosphere, the complex [{2-i-Pr- 
6-MePh) 2DABMe2] NiBr2 (0,0094 g, 1.5x10"^ mol) was 
placed into. a flame-dried 250 mL Schlenk flask which 
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was then evacuated and back-filled with propylene. 
Freshly distilled toluene (100 mL) was added via 
syringe and the resulting solution was stirred for five 
min at room temperature. Polymerization was initiated 
with addition of methyl a luminoxane (MAO; 1.5 mL 10% 
solution in toluene) and a propylene atmosphere was 
maintained throughout the course of the reaction. The 
reaction was stirred for two hours at constant 
temperature, at which point the polymerization was by 
quenched with 6M HCl . Polymer was precipitated from 
the resulting solution with acetone, washed with water 
and acetone, and dried under vacuum.* Yield = 1.09 g. ■ 
DSC: Tg -36.1*'C. GPC : Mn = 95,300; Mw = 141,000; 
Mw/Mn = 1.48.. 

Example 478 

Under a nitrogen atmosphere, a flame-dried 250 mL 
Schlenk flask was charged with 40 mL of freshly 
distilled toluene, 0.0133 g (2.0x10"^ mol) of [(2-i-Pr- 
6-MePh) 2DABAn] NiBr2 , 10.0 mL of 1-hexene, and 50 mL 
more toluene (100 mL total volume of liquid) , The 
mixture was stirred in a room temperature water bath 
for 10 minutes and polymerization was initiated with 
addition of 2 , 0 mL of MAO (10% solution in toluene). 
The reaction mixture was stirred for one hour at room 
temperature and was quenched with 6M HCl . Polymer was 
precipitated from the resulting solution with acetone, 
collected via filtration, washed with water and 
acetone, and dried under vacuum. Yield = 3.23 g. DSC 
Tg -58.0°C, Tm -16.5''c. 

Flx^mpl^ 47 9 

Under a nitrogen atmosphere, a flame-dried 250 mL 
Schlenk flask was charged with 40 mL of freshly 
distilled toluene, 0.0125 g (2 . 0x10"^ mol) of [(2-i-Pr 
6-MePh) 2DABMe2] NiBr2/ 10.0 mL of 1-hexene, and 50 mL 
more toluene (10 0 mL total volume of liquid) . The 
mixture was stirred in a room temperature water bath 
for 10 min and polymerization was initiated with 
addition of 2 . 0 mL of MAO (10% solution in toluene) . 
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The reaction mixture was stirred for 22 h at room 
temperature and was quenched with 6M HCl . Polymer was 
precipitated from the resulting solution with acetone, 
collected via filtration, washed with water and 
acetone, and dried under vacuum. Yield = 2.10 g. DSC: 
Tg -56.4°C, Tm 0.2''C. 

under a nitrogen atmosphere, a flame-dried 250 mL 
Schlenk flask was charged with 40. mL of freshly 
distilled toluene, 0.0133 g (2.0x10-5 n,ol) of [(2-t- 
BuPh)2DABAnlNiBr2, 10.0 mL of 1-hexene, and 50 mL more 
toluene (100 mL total volume of liquid) . The mixture : 
was stirred in an isopropanol bath maintained at 
approximately -10 to -12 iC, and polymerization was 
initiated with addition of 2.5 mL of I^O (7.2% 
solution in heptane) . The reaction mixture was stxrred 
for two hours at constant temperature and was quenched 
with acetone/water/6M HCl. The mixture was added to 
acetone to precipitate the polymer. After settling 
overnight the polymer was collected via filtration, 
washed with water and acetone, and dried under vacuum. 
Yield = 0.35 g. DSC: (two broad melt transitions 
observed) Tn^d) 34.3°C, Ttn(2) 66.4°C. Based on the H 
NMR spectrum, the polymer contains 41 methyl 
branches/1000 carbons (theoretical = 55.5 Me/1000 C) , 
indicating a high degree of chain straightening. 

^yf^TPpi'^ 481 

under a' nitrogen atmosphere, a flame-dried 250 mL 
schlenk flask was charged with 25 mL of freshly 
distilled toluene, 0.0133 g (2.0x10-5 raol) of [(2-t- 
BuPh)2DABAn]NiBr2, 63 mL more toluene, and 12 . 0 mL of 
l-octadecene-(100 mL total volume of liquid). The 
flask was cooled to -lo'c in a CO2/ isopropanol bath and 
stirred at this temperature for several minutes. The 
35 temperature was maintained at approximately -10 C 

throughout the reaction by continually adding dry ice 
as needed. Polymerization of 1-octadecene was 
initiated with addition of 2 . 5 mL of MMAO (7.2% 
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solution in heptane) . At 2 h, 10 min the .reaotxon 
flask was twice evacuated and back-filled with 
Lopylene. The polymerization was stirred under one 
rrsphere of propylene for 20 ™in. The ^^o^^^" 
ra.ov!d by repeatedly evacuating the flask >-^; 
filling with argon until propylene evolutron fro^ the 
solutil-was no longer apparent. The polymerrzation 
Tas allowed to continue stirring in the presence of the 
rLining 1-octadecene until a total elapsed °* 
fire hours was reached. The reaction was ^enchad wrth 
acetone/water/6M HCl. Polymer was precipitated rn 
rthanol/acetone, collected via filtration, w--^ --: 
„ater and acetone and^ dried under vacuu.. Jield 

1 03 g- DSC: Tg 8 .0 C, Ttn • J ^- ^ 
.on M /M - 1 24 It is believed a block 
Mv, = 68,600; Mw/Mn - 1.^^- -^^ 

copolymer was formed. 

preparation of U2- t-BuPh) ^DABAnl PdMe (Et^O) BAF" 
„nder inert conditions, a flame-dried -hlenk tube 
„as charged with 0.1978 g- (3.404x10-* mol) °£ 
BuPh)2DABAn]PdMe2 and 0.3451 g (3.408x10-4 mol) of 
HMEtSO) 2BAF- . The .Schlenk tuba was cooled to -78 C 
LI 10 mL of ether was added. Tha Schlenk tube was 
trlsferred to an ica water bath and the reaction was 
.5 stlrrid until the solids were dissolved and the color 
25 stirred ether was than 

of tha solution became deep red. 

removed under vacuum to give a red, ^^^^^^ ^° 

was crushed into a powder (yield was quantitative) . 

p^^^rpplf^ 483 

preparation of [(2 , 5- t-BuPh) 2DABAnl PdMe (Et20) BAF" 
Following the procedure of Example 482, a red 
dolid with the structure [(2,5-t- 

EuPht2DABAn,PdMa(Kt20,BAP- was obtained (quantitative 
yield) . 

preparation of U2- t-BuPh) 2DABMe2l PdMe (NCMe) B;^" 
under inert conditions, a flame-dried Schlenk tube 

^. -^h o 1002 q (0.378 mmol) of (COD) PdMeCl 
was charged with 0.1002 g vu.^' 
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and 0.3348 g (0.378 mmol) of NaBAF. The Schlenk tube 
was cooled to -3o''c and 25 mL of CH2CI2 and 0.10 mL of 
NCMe were added via syringe. The reaction was stirred 
for two h at -20 to -30°C. The resulting colorless 
solution was filtered into another cooled Schlenk tube, 
20 mL of hexane was added, and the solvents were 
removed under vacuum to give a white powder [isolated 
(COD) PdMe (NCMe) BAF- ] . This cationic precursor was 
combined with 0.138 g (0.396 mmol) of (2- t-BuPh) 2DABMe2 
in 50 mL of NCMe. The reaction mixture was stirred 
overnight at room temperature. The solution was 
filtered and extracted with hexane (3 x 10 mL) , and the 
solvents were removed under vacuum. The resulting 
yellow oil was dissolved in CH2Cl2/hexane and the 
solvents were removed under vacuum to give a. glassy 
solid that was crushed into a powder. Two isomers were 
observed in solution by NMR spectroscopy. These two 
isomers arise from the coordination of the 
unsymmetrically substituted ligand in either the cis or 
trans fashion in regard to the t-butyl. groups relative 
to the square plane of the complex. 

T^yamp1f:> 485 

Polymerization of ethylene with [(2-t- 
BuPh) 2DABAn] PdMe (Et20) BAF" 
A flame -dried 250 mL Schlenk flask was charged 
with 0.1505 g (l.OOlxlO-4 mol) of [(2-t- 

BuPh)2DABAn] PdMe (Et20) BAF- in the glove box. The flask 
was twice evacuated and back-filled with ethylene and 
then cooled to -60°C. The solid was dissolved in 100 
mL of CH2C12 and the flask was allowed to warm to room- 
temperature with stirring under an atmosphere of 
ethylene. After stirring for 23 h the polymerization 
was quenched with methanol . The solvent was removed 
under reduced pressure and the polymer was dissolved xn 
35 petroleum ether and filtered through silica gel. The 

filtrate was concentrated and the remaining solvent was 
removed under vacuum to give a clear, colorless. 
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viscous liquid. Yield = 0.2824 g. IH BMR analysis: 
125 Me/1000 CHz- 

A flame-dried 250 mL Schlenk flask was charged 
with 0.1621 g (1.003x10-4 n,ol) of t(2,5-t- 
BuPh)2DABAn]PdMe(Et20)BAF- in the glove box^ The flask 
was twice evacuated and back-filled with ethylene and 

-, ^ fin'r The solid was dissolved m lOO 

then cooled to -60 t,. i-xie . 

n ^ ^v,^ flask was allowed to warm to room 
mL of CH2CI2 and the flasK was 

temperature with stirring under an atmosphere of 
ethylene. After stirring for 23 h the polymerxzatxon 
was quenched with methanol. The solvent ^ . 

undefreduced pressure and the polymer was ^--Ived xn 
petroleum ether and filtered through s.lxca ^^^. J^l 
filtrate was concentrated and the remaxn.ng . solvent was 
removed under vacuum to give a clear, colorless, 
viscous li^id. Yield = 0.2809 g. NMR analyses: 
136 Me/1000 CH2- 

) A flame-dried 250 mL Schlenk flask was charged 

with 0.1384 g (1.007x10-4 ^ol) of [(2-t:- 
BuPh)2DABMe2]PdMe(NCMe)BAF- in the ^l-e box The^ 
flask was twice evacuated and back-f.lled wxth ethyaene 

n J *. cn°r The solid was dissolved m 
and then cooled to -60 C. Tne soxi ^ 

5 100 m. of CH2C12 and the flask was allowed to warm to 
room temperature with stirring under an --^P^^^ °^ 
ethylene. After stirring for 23 h the polymerization 
was quenched with methanol. The solvent was remoyed 
underreduced pressure and the poller was solved in 

JO petroleum ether and filtered through silica gel. The 

filtrate was concentrated and the remaining solvent was 
removed under vacuum to give a clear, colorless 

-, • Yield = 2.40 g- iH NMR analysis: 123 

viscous liquid. Yieia - ^.'±u y 

Me/1000 CHa- 

Fir^mp"''' 4 88 

under inert conditions, a Schlenk tube was charged 
with 0.0142 g (1.02x10-5 ^ol) of n2-t- 
BuPh)2DABAn]PdMe(Et20)BAF-. The Schlenk tube was 
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cooled to -78°C and the solid was dissolved in 30 mL of 
CH2CI2 • A 300 mL autoclave was charged with 70 mL of 
CH2CI2 under an ethylene atmosphere. The cold catalyst 
solution was quickly transferred via cannula into the 
5 Parr® reactor and the reactor was pressurized to 172 
kPa (absolute) . The polymerization was stirred for 20 
h and the ethylene pressure was released. The 
red/orange solution was transferred and the solvent was 
removed under vacuum. A small amount of polyethylene 
10 remained after drying under vacuum overnight. Yield = 
0.17 g. NMR analysis: 120 Me/1000 CHj . 

Pj^T^^'pT^ 48 9 '■ 
Following the procedure described in Example 488, 
1.68 g of polyethylene was. produced using 0.0140 g 
15 (1.02x10"^ mol) of [(2-t-BuPh)2DABMe2]PdMe(NCMe)BAF-. 
Yield = 1.68 g. NMR analysis: 114 Me/lOOC CH2 . 

BvampTP- 490 

Under nitrogen, Ni (COD) 2 (0.017 g, 0.062 mmol) and 
(2,4,6-MePh)2DABAn (0.026 g, 0.062 mmol) were dissolved 
ry 20 in 2.00 g of cyclopentene to give a purple solution. 

The solution was then exposed to air for several 
seconds. The resulting dark red-brown solution was 
then put back under nitrogen, and EtAlClz (1 M solution 
in toluene, 3.0 mL, 3.0 mmol) was added. A cranberry- 
25 red solution formed instantly. The reaction mixture 
was stirred at room temperature for 3 days, during 
which time polycyclopentene precipitated. The reaction 
was then quenched by the addition of methanol followed 
by several drops of concentrated HCl . The reaction 
30 mixture was filtered, and the product polymer washed 
with methanol and dried to afford 0.92 g of 
polycyclopentene as an off-white powder. Thermal 
gravimetric analysis of this sample showed a weight 
loss starting at 141°C: the sample lost 18% of its 
35 weight between 141 and 470°C, and the remaining 
material decomposed between 470 and 496°C. 
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FlTfflT'''' ^•^J- 

undar a nitrogen atmosphere, Ni(COD). (0.017 g, 
0.06 n,.ol, and „eC ,.N-2 , 6-CeH3-iPr.. CH=C<NH-C.H3-rPr.)Me 
(0 025 g, 0.06 mmol) were dissolved in benzene (5.0 

t! the resulting solution was added HBAP (Et.O,= 
(0 060 g, 0.06 mmol) . The resulting solution was. 
immediately frozen inside a 40 mL shalcer tube glass 
insert. The glass insert was. transferred to a shaker . 
tube, and its contents allowed to thaw under 
ethylene atmosphere. The reaction mrxture was agitated 
under 6 . S «Pa C.H4 for 40 h at ambient temperature. 
The final reaction mixture contained polyethylene 
which was washed with methanol and dried; yield of 
polymer .. 1.37 g. Branching per 1000 ^H-'- 
determined by "C NMR (C.D3CI3) : Total -^'^V^^ "'^ 
„ethyl (S.S), Ethyl (1.1), P-pyl (0), Butyl (0 , ^ 
and end of chains (3.2) , 2Bu and end of ohaxns (.3) 

flTfrilTirl'' 

under a nitrogen atmosphere, Ni(C0D)2 (0.017 g, 
0.06 mmol) and the ligand shown below (0.025 g, 0.06 
mmol) were dissolved in benzene (S.O '^^ 
resulting solution was added HBAF.' (Et.O) a 'O- "^" 3; 
0.06 mmol) . The resulting solution was immediately 
frozen inside a 40 mL shaker tube glass Insert. The 
glass- insert was transferred to a shaker tube, and its 
contents allowed to thaw under an ethylene atmosphere . 
The reaction mixture was agitated under 6.9 MPa C.H, 
for IS h at ambie^^t temperature. The final -action 
mixture contained polyethylene, which was washed with 
methanol and dried; yield of polymer - 11.0 g. 
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in a nitrogen-filled drybox, 25 mL of Et^O was 
added to a flask containing 
5 (402 tug, 0.716 mmol) and NaBAF (633 mg, 0.714 mmol) to 

n ^-^r, qtvrene (110 UL, 0.960 mmol, 
yield an orange solution. Styrene viJ- . 

1. 35 equiv) was dissolved in -10 ml. of Et.O and the 
resulting solution was added to the reaction mixture, 
resuiciiiy solution was 

which was then stirred for .3 h. Next the 
10 filtered and the solvent was removed in vacuo: The 

resulting orange powder (0.S3 g, B^^) ^ - . 

hexane and dried in vacuo. NMR (CD.Cl. 30 MHz , 

rt) 5 7.76 (s, 8, BAF: H.) , 7.59 (s, 4, BAF : Hp) 7^46 
■ - 7.17 (m, 9, Ha^l), 6.29 (d, 1, J = 7.33, H i), 5.65 
15 (d, 1, J = 6.59, U^ryl). 3.33, 3.13, 2.37 and 1 . 93 
(septet, 1 each, a = 6.97 - 6.72, C«Me., CHMe. 
C"mB2. C'"HMe2), 3.17 (dd, 1, J = 11-36, 3 ..66 

no 9 17 (s 3 each, N=C (Me) -C • (We) =N) , 

CHEtPh) , 2.22 and 2.17 (s, 3 eac , ^ n (d 3 

1 52 1 45. 1.26, 1.26, 1.19, 1-15, 0.94 and 0.73 (d, 
20 each J- 6.97 - 6.59, CHMeMe • , C^HMeMe', C^HMeMe., 

r^HMeMe.), 0.8B (t, 3, . ^ 0.88, CH (CH.CH3) Ph) , 1 13 

, o-HfrWR'CH,)Ph) ,- NMR (CD2CI2, 

and -0.06 (m, 1 each, CH (CHH CH3 ) f , 

6 and 174.0 (N=C-C.'=N), 162.2 (q, JcB 
75 MHz, rt) 6 176.6 ana i/'±.v. v 

. 49.3, BAF-. Cip=„), 142.8 and 142.4 (Ar, Ar : Cip.o) , 
25 138.^, 137.3, 137.1. and 136.9 (Ar, ' = 

(BAF: C„,C„.), 134.6 and 132.2 (Ph: C„, C„, or Cpl) 
129.4 (BAF: C„) , 129.0 and 128.5 (Ar, Ar': C ), 125.1, 
125 1 124.9 and 124.7 (Ar, ArM U. 125-1 (q. Jcr ' 
272 5 BAF: CF3, , 120.2 ,Ph= C.,,„, " ^ <> ' ^.'^ ^ 

•,n C or C„), 117.9 (BAF: Cp) , 103.0 and 88.6 (Ph. C„ 
:"ndC:.,: 69.1(CH..P.,, 29.9, 29.7, 

,ame, C'HMe,, C-HMea, C • 'HM^a) , 24.4, 24.3, 23.5, 
23 1, 23.0, 22.9, and 22.7 (CHMeMa', CHMeMa., 
C-raleMe', C-'HMsMe'), 20.8, 20.65, and 20.61 
35 m™^.-C'(Ma,=N, CH(a<.CH3)Ph,), 13.1 (CH(CH.al3.PW. 
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t-Butylstyrene (230 ^L, 1-26 mmol, 1.10 equiv) was 
added via microliter syringe to a mixture of_LL2.^ 
£:^,D^.iPdMeCl (611 mg, 1.15 mmol) and NaBAF (1.01 
g 1.14 mmol) dissolved in 25 mL of Et20. An 
5 additional 25 mL of Et^O was" added to the reaction 
mixture, which was then stirred for -12 h. The 
resulting deep red solution was filtered, and the 
solvent was removed in vacuo to yield a sticky red ■ 
solid The solid was washed with 150 mL of hexane and 
10 the product was dried in vacuo. A dull orange powder 
(1 59 g 91.7%) was obtained: NMR (CD.Cl., 400 MHz, 

L] 8 8:34 and 8.16 (s, 1 each, N=C (H) -C ■ (H) =N) , 7.72 ; 
(s, 8, BAF: H.), 7.56 (s, 4, BAF : Hp), 7.5 - ^-^J™' 
H \) 6.88 (dd, 1, J = 7.1, 1.9, Haryl), 6.11 (dd, 1, 

^ r. H ) 3 49 3 37, 2.64 and 2.44 (septet, 
15 J = 7.3, 2.0, Haryl) ' 3.4y, J-^/, 

1 each. J - 6.6 - 6.9, CHM.„ C- m.,.. CBMe. and 

C-.«Me.). 3.24 (dd„ 1. ^ = 11.3. * ' ^ ' " ^'^^ ' ^ ""o 70 

, T OA n 19 1 18, 1.0 and 0.70 

Bu)), 1-52, 1-48, 1.24, 1.24, 1,19, 1--L0, 

(d 3 each, J = 6.8 - 6.9, CHMeMe ' , C'HMeMe', 
20 C.'HMeMe-, and C ■ ' ■ HMeMe ' ) , 1.42 and 0.25 

. CH(CHH-CH3)(4-CeH.-t-Bu)), 0.98 (s, 9, ^'^^^ ' ^^l] 
3 J = 7.4, CH(CH.CH3)(4-C.H.-t-Bu); ^3cNMR (CD3CI., 
xio MHZ, rt) 5 165.0 (JcH = 165, N=C(H)), 163.3 (Jck = 
165, N=C'(H)), 162.2 (q, JcB = ^9.9, BAF: C.pso) , 157.0 
25 (CeH.-t-Bu: Cp) , 144.9 and 144.6 (Ar, Ar": C so , 

139 0, 138.4, 138.2 and 137.4 (Ar, Ar ■ : C., ), 135.2 



(BAF: Co) ,'133.3, 129.8, 129.6 and 129.2 (Ar, Ar': Cp; 
• C.H.-t-Bu: Co, C), 129.3 (q, BAF: C.) , 125.0 q ^C. - 
272, BAF: CF3), -124.7, 124.64, 124.55, and 124.3 (Ar 
.0 Ar'. C C.-), 117.9 (BAF: Cp) , 119.1, 116.4 and 94.9 
30 Ar . C., ) , Co'), 68.5 (CHEt), 36.2 (CWes), 

(C6H4-t-Bu: Cn,', Cipso, ) ' 

30.2 (C«e3), 30.1, 29.9. 28.80 and 28.77 (C^Me., 
C'HMS., C-HMe2 and C'-HMe,). 25.0, 24.8, 24.1, 22.8. 
22 7 22 45, 22.36. and 22.1 (CHMeMe', C'HMeMa', 
35 c'HMaMe' and C • 'HMaMe') , 21.7 (CH (CH^CH,) ) . 13.2 

(CH,CH.CH3)). Anal. Calcdfor <=-«"^^-;;"''' % . ^ 
- 56.05; H, 4.44; N. 1.84. Found: C 56.24; H, 4.22, N. 
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I f p ^-i -PvPh),DABM £.lPd(Tl3-CHEtC6F5) }BAF 
A solution of H2C=CHC6F5 (138 mg, 0.712 mmol) xn 
10 mL of Et20 was added to a mixture of 

E^,D^zlPdMeCl (401 mg, 0.713 mmol) and NaBAF (635 
mg 0.716 mmol) dissolved in 25 mL of Et^O . After 
being stirred for 2 h, the reaction mixture was 
filtered and the solvent was removed in vacuo. An 
orange powder (937 mg, 83.0%) was obtained. 

lU^^^^j^^^ExShLz^zLi^- iV-CHEt (4-CeH4- t-Bu) 1 
\n the drybox, .{ [ (7 6-i -PrPhl.D&BM^^lNiMe (OEt.) )BAF; 
(22 4 mg, 0.0161 mmol) was placed in an NMR tube. The 
.ube was sealed with a septum and Parafilm®, removed 
from the drybox, and co.led to -78°C. CD.Cl. (700 ^L) 
and H.C=CH(4-CeH.-t-Bu) (15 ^.L, 5.10 equiv) — 
added via gastight microliter syringe to ^ . ^"^^ 

in sequential additions. The septum was sealed w.th 
small amount of grease and more Paraf ilm, 
shaken briefly and then transferred to the cold (-78 C) 
NMR probe. insertion of t-butylstyrene was observed at 
_78<»C and was complete upon warming to -50°C to y.eld 
the .-benzyl -complex: NMR (CD.Cl., 400 MHz, -50iC) 

8.43 and 8.18 (s, 1 each, N=C (H) -C ■ (H) =N) , 7.76 (s, 8 

^„ , /I TaaTT- H ) 7.5 - 7.1 (m, 8, Haryl^ ' 
25 BAF: Ho) , 7.58 (S, 4, BAF. Hp) , /.^^ 

6.80 (d, 1, J = 7.3, Haryl), 6. 15 (d, 1, J = 7.7 
H .) 3 72, 3.18, 2.68 and 2.50 (septet, 1 each, J = 
iT-'e.'.. C«Me., CM^e., CHMe. and C-.-HMe^), 2.56 
(dd 1 J = 11-5, 3.9, CHEt), 1.6 - 0.8 (CHMeMe ' , 
30 InMsMe', C-HNeMe-, C-. ^HMeMe', and CH (CHH- CH3) ) , 0-94 
(S 9, CMe3), 0.72 (t, 3, . - 7.3, CH(CH.CH3)), -0.04 
(m, 1, CH(CHH'CH3) ) . 

f^T^ff^Tl^s 4 97-515 

25 r^^r-}^^^ romnounds 

A mixture of one eguiv. of the appropriate a- 
diimine, one equiv of NaBAF, and 0 . 5 equiv of 
[(allyl)Ni(^-X)]2 (X = CI or Br) was dissolved xn Et^O. 
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The reaction mixture was stirred for -2 h before being 
filtered. The solvent was removed in vacuo to yield 
the desired product, generally as a red or purple 
powder. (The [ (allyl) Ni (n-X) ] 2 precursors were 
5 synthesized according to the procedures published m 

the following reference: Wilke, G.; Bogdanovic, B.; 

Hardt, P.; Heimbach, P.; Keim, W. ; Kroner, M. ; 

Oberkirch, W.; Tanaka., K. ; Steinrucke, E.; Walter, D. ; 

Zimmermann, H. Angew. Chem. Int. Ed. Engl. 1966, 5 
10 151-164.) The following compounds were synthesized 

according to the above general procedure. 

{ [{2,4,6-MePh)2DABMe2]Ni(Tl3-C3H5) }BAF 

^y^lT^pl^ 4 98 

15 fi--i-PTrPh),D^M £2lNi(Tl3-C3H5) }BAF 

I f p a., -P^Ph) ,DABM e,lNi.(n3-H2CCHCHMe) }BAF 
{n-^ ^-i -PrPh)-,>DAB MaaNi {Tl3-H2CCHCHPh) }BAF 
{ r ( 9 ^ - -i - PrPh) oDA BMa2lNi (tI^ -HzCCHCMez ) } BAF 
( r ( Q , fi-i -PrPh) ^D^ B^Ni (n^-CsHs) )BAF 

T?y=^q»p1g> 503 

25 {\n ^-H-P^Ph),DAB ^Ni (Ti3-H2CCHCHMe) }BAF 

p^aiTipIp, 504 
(fp ^-n-PrPh),D^ B^Ni (Tl3_H2CCHCHPh) }BAF 

givapripip 5 05 

(fp ^-^-P^Ph).D^^ Ni(n^-H2CCHCMe2) }BAF 

Fr^'mp"'''' ^^0 6 
{ [ (2, 4, 6-MePh) 2DABAn]Ni (ti3 -HaCCHCHMe) }BAF 

{[(2,4 , 6-MePh) 2DABAn] Ni {ti3 -H2CCHCHPh) }BAF 

^yf^mpi*^ 508 

35 ( [(2,4.,6-MePh)2DABAn]Ni{Tl3-C3H5) )BAF 

{ [(2,4,6-MePh)2DABAn]Ni (ti3 -H2CCHCMe2) }BAF 
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(fro ^-i-PT-Ph),DAB AalNi (T13-H2CC (COOMe) CH2) )BAF 
{[(2,4,6 -MePh) ,DABAn] Ni (n^-HaCC (COOMe) CH2) }BAF 

Eacample— Si2. 

(r^-. ^--i-PrPhL,DA B^Ni (tl3 -H2CCHCH (COGEt ) ] BAF 
{ [ ( 2 , 4 , 6 -MePh) aDABAn] Ni (Tl3 -H2CCHCH ( COOEt ) .} BAF 

(TP .-i-P.Ph),D^^ Ni(n3-H2CCHCHCl) }BAF 

Ryamplf^ 5X5 

{[(2,4,6 -MePh) .DABAn] Ni (n^ -H2CCHCHCI ) } BAF 
E Tfri TP T ?'' SI 6-537 . 

Polymerizations catalyzed by nickel and palladium 
.-benzyl initiators and by nickel allyl initiators are 
illustrated in the following Table containing Examples 
516-537 The initiation of polymerizations catalyzed 
by nickel allyl initiators where the allyl ligand was 
substituted with functional groups, such as chloro or 

a-iH^rt bv the addition of a 
ester groups, was often aidea oy cne 

Lewis acid. 
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Example 



Compound 



{[(2,6-i-PrPh)2DABMe2]Pd(Tl^- 

516 I CHEtPh)}BAF 

{[(2,6-i-PrPh)2DABMe2lPd(Tl3- 

517 lcHEtPh)}BAF 



Conditions 



Results 



0.067 mmol Cmpd; 25 "C; 1 <0.5 g PE 
latmE;2days;CH2Cl2 I C270TO) 

10.027 mmol Cmpd; 25 »C; 1 8.2 gPE 

l6.9MPaE;18h;C6D6 | O^-OOO 

TO) 



s 

w 

m 



m 



{[(2,6-i-PrPh)2DABH2lPd(ri3-CHEt(4- 

518 I C6H4-<-Bu))}BAF 

{[(2,6-i-PrPh)2DABMe2]Pd(Tl^- 

519 I CHEtC6F5)}BAF 



520 



521 



522 



523 



524 



525 



J. 



{[(2,6-i-PrPh)2DABMe2]Pd(Tl- 
CHEtC6F5)}BAF 

{[C2,4,6-MePh)2DABAn]Ni(T\ 
H2CCHCMe2)}BAF 

{ [(2,6-5-PrPh)2DABMe2]Ni(Tl^ - 
H2CCHCMe2)}BAF 

{[(2,4,6-MePh)2DABMe2]Ni(Ti3- 
C3H5)}BAF 

{[(2,4,6-MePh)2DABAn]NiCTi3- 
C3H5)}BAF 

{[(2,4,6-MePh)2DABAnlNi(Ti3- 
H2CCHCHPh)}BAF 



526 



{[(2,6-i-PrPh)2DABAn]Ni(Ti3- 
H2CCHCHPh)}BAF 



10.016 mmol Cmpd; 25 "cA 1.5 gPE 
,6.9MPaE;18h;C6D6 1(3,300 X0) 

1 0 063 mmol Ctnpd; 25 "C; 1 | 4.6 g PE 
latmE;5days;CH2Cl2 1(2,600 TO) 



0.044 mmol Cmpd; 25 °C; 
6.9 MPaE; 18 h; C6D6 

0.049 mmol Cmpd; 25 °C; 
6.9 MPaE; 18h; C6D6 

0,034 mmol Cmpd; 25 °C; 
6.9 MPaE;18h;C6D6 

I 0.047 mmol Cmpd; 80 °C; 
I 6.9 MPaE; l8h;C6D6 

0.034 mmol Cmpd; 80 °C 
l6.9 MPaE; l8h;C6D6 



6.4 g PE 
(5;200 TO) 

1.5 gPE 
(1,100 TO) 

35 mg PE 
(37 TO) 

20 mg PE 
(15 TO) 

260 mg PE 
(270 TO) 



0.026 mmol Cmpd; 80 ^'C; 
6.9 MPa E; 18h;C6D6 



141 mgPE 
(190 TO) 



I 0.040 mmol Cmpd; 80 °C; 992mgPE 
l6.9MPaE;18h;C6D6 1 (880 T^O) 



404 



527 



528 



529 



530 



531 



532 



- 533 



534 



{[(2,6-i-PrPh)2DABAn]Ni(Ti'*- 
H2CCHCHMe)}BAF 

{[(2,6-i-PrPh)2DABMe2]Ni(Ti3- 
H2CCHCMe2)}BAF 

{[(2,6-i-PrPh)2DABAn]Ni(Ti^- 
C3H5)}BAF 

{[(2,4,6-MePh)2DABAn]Ni(Ti^- 
H2CCHCHC1)}BAF 

{[(2,6-i-PrPh)2DABAn]Ni(Ti3- 
H2CCHCHC1)}BAF 

{[(2,4,6-MePh)2DABAn]Ni(Ti^- 
H2CCHCHC1)}BAF 



{[(2,4,6-MePh)2DABAn]Ni(Ti^- 
H2CCHCHC1)}BAF 



{[(2,6-i-PrPh)2DABAn]Ni(Ti- 
H2CCHCH(COOEt))}BAF 



535 



536 



{[(2,6-i-PrPh)2DABAn]Ni(Ti 
H2CCHCHC1)}BAF 



3. 



{[(2,6-i-PrPh)2DABAn]Ni{Ti3- 
H2CCHCHC1)}BAF 



043 mmol Cmpd; 80 *'C; 23 mg PE 
,9MPaE; 18h;C6D6 I (19 TO) 

0.044 ramol Cmpd; 80 ^'C; 1 54 mg PE 
6.9 MPa E; 1 8 h; C6D6 I (44 TO) 

0.042 mmol Cmpd; 80 "C; 1 15mgPE 
6.9MPaE; 18h;C6D6 I (13 TO) 

0.043 mmol Cmpd; 25 ^'C; I 94mgPE 
6.9 MPa E; 1 8 h; C6D6 1 (78 TO) 

0.042 mmol Cmpd; 25 °C; 1 8 mg PE 
6.9 MPa E; 1 8 h; C6D6 1 (7 TO) 

0.020 mmol Cmpd; 0.04 1 7,8 gPE 
mmolB(C6F5)3;25°C; (14,000 
6.9MPaE; 18h;CDCl3 I TO) 



020 mmol Cmpd; 0.04 8.4 g PE 
mmol BPhs; 25^0; (15,000 
6.9MPaE;-l8h;CDCl3 1 TO) 

0.020 mmol Cmpd; 0.04 1 4.7 gPE 
nmiolBPh3;25-C; | (8,400 TO) 

6,9 MPaE; 18 h; CDCI3 

0.020 ramol Cmpd; 0.04 1 6.8 gPE 
mmol BPh3; 80 °C; (12,000 
6.9MPaE; 18h;C6D6 1 TO) 



0.020 mmol Cmpd; 10 mg 
montmorillonite; 80 **C; 6.9 
MPaE; 18 h; C6D6 



326 mg PE 
(580 TO) 
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